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1 Introduction
The HARQ-ACK feedback for eIMTA was dicussed at the RAN1 #76 meeting with the following conclusion [1]:
	Agreement: 

· PUCCH format 1b with channel selection is supported for HARQ-ACK feedback for TDD eIMTA, along with the mapping table introduced in Rel-10 if eIMTA is enabled.

· PUCCH format 3 is supported for HARQ-ACK feedback for TDD eIMTA.


HARQ-ACK on PUSCH related issues (i.e., ACK/NAK payload size.) and PUCCH format 3 resource mapping issues were still open after the RAN1 #76 meeting and subsequent email discussions. 
In this contribution, we provide our views on the remaining details of HARQ feedback for Rel-12 eIMTA. 
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 mechism 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 crtical 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 for the reason of 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
HARQ-ACK transmission on PUCCH format 3

The second open issue is related to PUCCH resource allocation when PUCCH format 3 is configured for HARQ-ACK feedback. 
In previous releases (e.g., Rel-10/11), the UE behavior of PUCCH resource mapping can be summarized as follows when PUCCH format 3 is configured for HARQ-ACK feedback. 

	1. If a UE only receives PDSCH on PCell according to a PDCCH/EPDCCH with DAI = 1 or a PDCCH/EPDCCH indicating downlink SPS release with DAI =1, the UE shall use the implicit PUCCH format 1a/1b resource corresponding to the PDCCH/EPDCCH for HARQ-ACK feedback.
2. If a UE only receives SPS PDSCH on the PCell, the UE shall use the higher layer configured SPS PUCCH format 1a/b resource for HARQ-ACK feedback.
3. If a UE only receives SPS PDSCH and an additional PDSCH on PCell according to a PDCCH/EPDCCH with DAI = 1 or an additional PDCCH/EPDCCH indicating downlink SPS release with DAI =1, the UE shall use higher layer configured SPS PUCCH format 1a/1b resource and the implicit PUCCH format 1a/1b resource corresponding to the PDCCH/EPDCCH for HARQ-ACK feedback, and PUCCH format 1b with channel selection is used.
4. If a UE receives PDSCH only on PCell according to a PDCCH/EPDCCH with DAI > 1 or a PDCCH/EPDCCH indicating downlink SPS release with DAI > 1, the TPC field in that PDCCH/EPDCCH is used as ARI to indicate a PUCCH format 3 resource for HARQ-ACK feedback.

5. If a UE receives PDSCH on SCell, the TPC field in that DL grant is used as ARI to indicate a PUCCH format 3 resource for HARQ-ACK feedback.


The current solution can be directly reused for eIMTA. However, one conern has been raised regarding the control overhead, especially considering that UL/DL configuration 5 would be most likely used as the DL-reference configuration for HARQ-ACK feedback in eIMTA. Correspondingly, one PUCCH resource mapping solution was proposed in [2] which attempts to reduce the UL control overhead by avoiding the additional implicit PUCCH format 1a/1b resource reservation for the flexible subframes, which are reconfigured from UL to DL in a dynamic manner. 
When deciding whether we should further reduce the PUCCH control overhead or not, it is desirable to carefully evaluate the trade-off between specification impact and the realistic gains, especially considering the remaining Rel-12 time-frame. It can be assumed that the number of UEs in an eIMTA enabled cell is typically small, as the gain of eIMTA is more significant for low to medium traffic load scenarios. The analyzed gains w.r.t PUCCH overhead reduction are within 2.1-8.4% (per subframe) or 1.06-1.85% (per radio frame). The practical gain is expected to be further reduced taking into account the realistic probability that the fallback event happens. Moreover, several potential issues with this proposal have been identified by companies during email discussion [76-07]. First, this scheme introduces a new Rel-12 UE behavior of HARQ-ACK feedback for PUCCH format 3 and consequently increases the UE and eNB implementation complexity and testing efforts for supporting eIMTA functionality. Second, it was proposed that the TPC field in the DL grant in the flexible DL subframes is used as ARI to indicate the PUCCH format 3 resource when at least one flexible subframe is detected with PDSCH transmission. This design essentially leads to PUCCH power control command being only issued in the fixed DL subframes set and may impact PUCCH performance in some cases due to the lack of TPC command for PUCCH transmission power adjustment. One example here is when only flexible DL subframe(s) is used for PDSCH transmission for eIMTA UEs. It has been argued that DCI format 3/3A can be further utilized to address this problem if it is indeed required. However, it additionally increases the load of CSS, which has been of concern several times in past discussions for the overload caused by broadcasted DCI transmission such as reconfiguration DCI, paging, etc. In the end, the control overhead reduction actually can be achieved by the eNB scheduler as well, even when reusing the existing Rel-10/11 PUCCH HARQ-ACK feedback procedure, as also said by companies. One example that is given by companies is to schedule the PDCCH on the fixed DL subframe set when “DAI =1”. 
Based on the above discussion, we propose: 
Proposal 2:
  The existing Rel-10/11 HARQ-ACK feedback procedure for eIMTA capable UEs is maintained.
3 Conclusions
In this contribution, we discussed the open issues related to HARQ-ACK feedback on PUSCH and PUCCH format 3. 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:  
The existing Rel-10/11 HARQ-ACK feedback procedure for eIMTA capable UEs is maintained.
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