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1 Introduction
The issues of HARQ-ACK feedback on PUSCH and reference resource definition for aperiodic CSI for TM 1 – 9 in an eIMTA scenario have been discussed but no agreement was reached yet. Moreover, another issue regarding ordering of HARQ-ACK bits for PUCCH format 1b with channel selection is still not decided. 
In this contribution, we provide our views on these open issues of HARQ-ACK and aperiodic feedback attemping  to finalize the design of Rel-12 eIMTA functionality. 
2 Discussion 
2.1 
HARQ-ACK transmission on PUSCH
The first open issue to be further discussed is whether the 2-bit UL index/UL DAI field in a UL DCI can be dynamically interpreted by an eIMTA UE based on the TDD UL/DL reconfiguration DCI, when UL/DL configuration 0 is indicated in SIB1. 
In the current LTE system, the interpretation of the 2-bit UL index/UL DAI field in a UL grant depends on the TDD UL/DL configuration indicated in SIB1. For TDD UL/DL configuration 0, it is used as a UL index to signal which UL subframe(s) the UL grant is valid for. For the other TDD UL/DL configurations, it is used as UL DAI to indicate the number of scheduled DL subframes for HARQ-ACK payload size calculation. One straightforward solution is to reuse the current Rel-10/11 mechanism for HARQ-ACK feedback in eIMTA. However, one concern raised by some companies is that it results in a constant existence of maximum HARQ-ACK payload on PUSCH, which might be problematic due to the likelihood for UL/DL configuration 5 to be used as the DL-reference configuration. 
Several candidate solutions were then proposed and discussed during email discussion [76-08] [1], aiming at reducing the HARQ-ACK palyoad size on PUSCH, when UL/DL configuration 0 is indicated in SIB1: 

1. The UL index is used in DCI format 0/4, when UL-DL configuration 0 is configured as UL reference configuration.
2. The UL DAI can be used in DCI format 0/4, using UL DAI in all subframes for all dynamically indicated configurations other than configuration 0 and assuming predefined subframe-specific UL index values.

3. The UL DAI can be used in DCI format 0/4, using UL DAI in all subframes for some of the dynamically indicated UL-DL configurations. For configurations 0 and 6, it is used as UL index. For other configurations, it is used as UL DAI.

4. The UL DAI can be used in DCI format 0/4, where the usage of UL index or UL DAI in DCI format 0/4 depends on the index of DL/S subframe, i.e., using UL DAI in subframe 1 and 6 (with UL index value always set to 01).
Option 1 reuses the exising mechanism for HARQ-ACK feedback on PUSCH for eIMTA and can obviously simplify the specification and minimize the implementation efforts compared to other options. Furthermore, considering the fact that eIMTA is most likely deployed in the small cell scenario with low and medium system load, the control overhead should not be a critical problem. 

Option 2 is also an attractive solution and could efficiently minimize the HARQ-ACK payload size in most eIMTA scenarios. However, one potential drawback, as pointed out during the email discussion, is that it might result in limited UL performance for eIMTA capable UEs when UL/DL configuration 0 is indicated in SIB1 and UL/DL configuration 6 is the operating configuration. The reason is that UL subframe #8 is not usable for eIMTA capable UEs due to the predefined subframe-specific UL index mechanism proposed in this method. 
Dynamic interpretation of the UL index or UL DAI field depending on the detected UL/DL reconfiguration DCI (i.e., Option 3) will potentially create ambiguity between the UE and the eNB. This happens when TDD reconfiguration signalling is not detected at the UE side due to low SNR or DRX configuration. To resolve this problem, blind decoding of the HARQ-ACK payload might be required at eNB side. Therefore, Option 3 is not preferred due to high eNB complexity. 
Option 4 keeps the possibility to schedule all UL subframes, and there is no ambiguity between the eNB and UE. However, only the UL grant transmitted in subframe 1/6 (with fixed UL index “01”) can carry UL DAI, and it is used to schedule PUSCH in subframe 8/3, respectively, where no HARQ-ACK is transmitted when the DL reference configuration is UL/DL configuration 2 and 5. Hence, the potential benefit in UL control overhead reduction might be too limited to sufficiently justify the additional specification/testing/implementation complexity. 
Based on above analysis, considering the eNB and UE implementation complexity, robustness of the schemes, potential performance impacts and the required standard efforts, we propose:

Proposal 1: 
The UL index is used in DCI format 0/4, when UL-DL configuration 0 is configured as UL reference configuration.
2.2
Ordering of the HARQ-ACK bits
The second open issue that needs to be discussed is how to order the HARQ-ACK bits when UE is configured with one CC and PUCCH format 1b with channel selection for HARQ-ACK feedback in eIMTA scenario. After RAN1 #76 meeting, the following two tables were agreed [2] in the email discussion [76-06] to index DL subframe within a bundling window for implicit PUCCH resource mapping. The indexing of fixed DL subframes is provided in Table 1 and indexing of flexible DL subframes is provided in Table 2. 
Table 1: Subframe indexing for fixed DL subframes

	DL HARQ reference configuration
	UL-DL
Configuration given by SIB-1
	Subframe n

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	0
	-
	-
	6
	-
	-
	-
	-
	6
	-
	-

	
	1
	-
	-
	7,6
	-
	-
	-
	-
	7,6
	-
	-

	
	2
	-
	-
	8,7,4,6
	-
	-
	-
	-
	8,7,4,6
	-
	-

	
	3
	Invalid

	
	4
	Invalid

	
	5
	Invalid

	
	6
	-
	-
	7
	-
	-
	-
	-
	7
	-
	-

	4
	0
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	1
	-
	-
	7, (6)
	4
	-
	-
	-
	-
	-
	-

	
	2
	Invalid

	
	3
	-
	-
	7, (6), 11
	6,5
	-
	-
	-
	-
	-
	-

	
	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	
	5
	Invalid

	
	6
	-
	-
	7
	7
	-
	-
	-
	-
	-
	-


Table 2:  Subframe indexing for flexible DL subframes

	DL HARQ reference configuration
	UL-DL
Configuration given by SIB-1
	Subframe n

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	0
	-
	-
	7, 8, 4
	-
	-
	-
	-
	7, 8, 4
	-
	-

	
	1
	-
	-
	8, 4
	-
	-
	-
	-
	8, 4
	-
	-

	
	2
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	3
	Invalid

	
	4
	Invalid

	
	5
	Invalid

	
	6
	-
	-
	6, 8, 4
	-
	-
	-
	-
	8, 6, 4
	-
	-

	4
	0
	-
	-
	12, 7, 11, 8
	7, 4, 5, 6
	-
	-
	-
	-
	-
	-

	
	1
	-
	-
	12, 8, 11
	7, 5, 6
	-
	-
	-
	-
	-
	-

	
	2
	Invalid

	
	3
	-
	-
	12, 8
	4,7
	-
	-
	-
	-
	-
	-

	
	4
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	5
	Invalid

	
	6
	-
	-
	12, 11, 8
	4, 5, 6
	-
	-
	-
	-
	-
	-


For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and one configured serving cell, Rel-10 HARQ-ACK mapping table is designed based on the following principles  to ensure that the selected PUCCH channel is always available. 
1. Within a HARQ-ACK bundling window, the ordering of HARQ-ACK bit and corresponding implicit PUCCH resource mapping are consistently associated with the DL subframe index. 
2. One of the implicitly mapped PUCCH channels associated with corresponding PDCCH in DL subframes where UE has successfully decoded the PDSCH (i.e ACK state) is selected to transmit 2-bit HARQ-ACK state as specified in Table 10.1.3.2-3 in [3], considering the fact that if UE has an ACK on a DL subframe, UE is supposed to have decoded its DL grant (i.e. PDCCH) correctly and there is always one implicitly mapped PUCCH channel correspondingly. 
RAN1 has agreed to reuse the exisiting Rel-10 mapping table for HARQ-ACK feedback when PUCCH format 1b with channel selection is configured in eIMTA scenario and DL association set indexing in Table 1 and 2 was further agreed for implicit PUCCH resource mapping operation. We think it is essential to follow the above Rel‑10 design principle to order the HARQ-ACK bits index in the same way as PUCCH resource mapping for single configured serving cell case thereby guaranteeing the availability of selected PUCCH channel. 
Based on above discussions, we propose: 
Proposal 2: If an eIMTA UE is configured with PUCCH format 1b with channel selection and single configured serving cell, the ordering of HARQ-ACK bits is based on DL association set indexing in Table 1 and 2. 
2.3
Reference resource definition for aperiodic CSI for TM 1 – 9
In TDD eIMTA, UE after receiving CSI trigger needs to determine the CSI subframe set and DL reference resource within the determined CSI subframe set for which aperiodic CSI should be reported. Based on the agreements reached in RAN1#76bis meeting, the CSI subframe set is dynamically determined by the UE using DCI mechanism similar to aperiodic CSI triggering in CA and TM10. For the reference resource definition, two options for valid DL reference resource has been proposed:
1. Option 1: valid DL subframe in the latest subframe no later than subframe n-4 and corresponding to the triggered CSI subframe set

2. Option 2: valid DL subframe in the latest subframe no later than subframe n-4 and no earlier than the subframe containing the aperiodic CSI trigger
For the first option, since the valid DL subframe can occur earlier than the CSI request, UE has to measure interference for every downlink subframe and store the measured samples in the buffer. This option offers more flexibility to the eNB to request CSI for flexible subframes and allows UE implementation with CSI computation independent of the CSI triggering. The drawback of option 1 is additional memory required at the UE to store the measured interference samples. For the second option no memory for storing of the interference measurement samples is required, which implies on-demand CSI computation inline with the received CSI trigger. This option provides some savings in the memory and power at the UE at the cost of less flexibility in the eNB to request CSI on the flexible subframes as analyzed in [4]. It should be noted that in TM10, CSI reference resource may occur prior to CSI trigger requiring UE to store the interference samples every instance of CSI-IM resource. Given that this memory can be reused to store interference samples for TM1-9, the relative memory savings in Option 2 might be not that significant. Therefore the following proposal can be made:
Proposal 3: For CSI reference resource in TDD eIMTA, valid DL subframe in the latest subframe no later than subframe n-4 and corresponding to the triggered CSI subframe set is used.
3 Conclusions
In this contribution, we discussed the open issues related to HARQ-ACK feedback on PUSCH and reference resource for CSI feedback. Our proposals are summarized as follows:
Proposal 1: 
The UL index is used in DCI format 0/4, when UL-DL configuration 0 is configured as UL reference configuration.

Proposal 2: 

If a eIMTA UE is configured with PUCCH format 1b with channel selection and single configured serving cell, the ordering of HARQ-ACK bits is based on DL association set indexing in Table 1 and 2. 

Proposal 3: 

For CSI reference resource in TDD eIMTA, valid DL subframe in the latest subframe no later than subframe n-4 and corresponding to the triggered CSI subframe set is used.
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