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1 Introduction
At the RAN1#84 meeting and the previous RAN1#84bis meeting, it has been agreed on a transmission of uplink control information on an LAA SCell as following [1][2]: 
	Agreements at RAN1#84:
· Transmission of HARQ-ACK for serving cells at licensed carriers on an LAA SCell is not supported
· Transmission of HARQ-ACK and CSI for serving cells at unlicensed carriers on an LAA SCell is supported
· FFS on new or existing waveform of channel for UCI transmission on unlicensed carrier
· FFS on the LBT scheme for UCI transmission
· FFS on position of UCI in a subframe

Agreement at RAN1#84bis:
· PUCCH on LAA SCell is not introduced in eLAA within the current scope of the work item
· The introduction of PUCCH at a later stage in Rel-14 is not precluded

· Simultaneous L-cell PUCCH and LAA SCell PUSCH transmission is supported by the UE
· Note: Not configuring this would impact PUSCH transmission opportunities on the LAA SCell
· Note: whether this feature is optional or mandatory is a separate discussion
· Note: this does not necessarily imply that a UE needs support simultaneous PUCCH and PUSCH within one band or adjacent bands

Working Assumptions at RAN1#84bis:
· eLAA supports transmission of UCI including at least HARQ-ACK on PUSCH within a “UCI cell group” consisting of only LAA SCells at least for self-scheduling
· No PUCCH on any SCell in the UCG
· This cell group is not referring to a PUCCH cell group
· FFS: Timing relationship between DL transmissions and HARQ-ACK
· FFS: Whether the UCI cell group can also include an SCell in the licensed band
· All HARQ-ACKs for SCells within the UCI cell group are always carried on PUSCH on one or more SCells within the UCI cell group when the UCI cell group is configured


In this contribution, we present our view regarding UCI transmission on LAA SCell PUSCH and discuss the LBT scheme for UCI transmission and its position in a subframe on LAA SCell PUSCH.

2 Discussion on UCI transmission on LAA SCell PUSCH
In the email discussion [84b-05], it has been discussed on UCI transmission on LAA SCell PUSCH. The three options for transmission of HARQ-ACKs on an LAA SCell were listed as main approaches for HARQ-ACK transmission on an LAA SCell as following:
· Option 1: Fixed codebook size to feedback all configured HARQ processes possibly within a group and with triggering
· Option 2: Transmission of HARQ-ACKs according to the current timing relationship without transmission of any deferred HARQ-ACKs that were not transmitted due to UL LBT failure
· Option 3: Transmission of HARQ-ACKs according to the current timing relationship with transmission of any deferred HARQ-ACKs that were not transmitted due to UL LBT failure
For the option 1, there is no misunderstanding of HARQ-ACK codebook size between UE and eNB and it can also provide full flexibility by eNB for HARQ-ACK transmission on an LAA SCell under the control by eNB. Although Option 1 has a large control overhead to feedback all configured HARQ processes possibly as compared with Option 2 and Option 3, it does not seem to be a significantly problematic due to (at least) 10-RB interlaced PUSCH allocation. Therefore, it seems beneficial to have Option 1 as supplementary scheme for offloading a large HARQ-ACK(s) transmission on PUCCH in licensed cell. 
· Observation: it seems beneficial to have option 1 as supplementary scheme for offloading a large HARQ-ACK(s) transmission on PUCCH in licensed cell.
Regardless of which one of options above for HARQ-ACK transmission on LAA SCell PUSCH is selected, it should be further discussed on the remaining issues such as how to perform UL LBT for HARQ-ACK transmission on PUSCH in a LAA SCell and which time/frequency position of HARQ-ACK transmission in a subframe on LAA SCell PUSCH would be used. 
On the position of HARQ-ACK transmission in a subframe on LAA SCell PUSCH, as shown in Figure 1, it can be basically considered to send it on the same time/frequency position as legacy LTE near the UL DMRS symbol, which is similar with legacy HARQ-ACK mapping on PUSCH in a licensed carrier. And it might be beneficial to use the same implementation as legacy LTE on decoding HARQ-ACK at the eNB.
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Figure 1. On position of HARQ-ACK transmission in a subframe on LAA SCell PUSCH
Regarding UL LBT for HARQ-ACK transmission on PUSCH in a LAA SCell, it has not been discussed yet how to perform UL LBT for HARQ-ACK transmission on PUSCH in a LAA SCell. Figure 2 shows a case of no UCI transmission on PUSCH (or no PUSCH transmission) due to a failure of UL LBT at the beginning of PUSCH. 
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Figure 2. A case of failed UCI transmission on PUSCH by a failure of UL LBT
For this case, eNB will perform HARQ-ACK decoding on PUSCH unnecessarily since eNB does not have any information about failure or success of UL LBT on the PUSCH at the UE. It means that eNB would always expect to receive HARQ-ACK(s) at explicitly or implicitly defined HARQ-ACK timing for PDSCH from UE(s) irrespective of UL LBT success/fail at the UE in Option 1 and Option 2. Therefore, fast LBT can be helpful to increase the probability of HARQ-ACK transmission on PUSCH without performing unnecessary HARQ-ACK decoding on PUSCH at the eNB. 
Figure 3 shows another case to increase the probability of HARQ-ACK transmission on scheduled PUSCH allowing channel sensing right before mapped SC-FDMA symbol for HARQ-ACK transmission on PUSCH. 
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Figure 3. HARQ-ACK only transmission on LAA SCell PUSCH with a fast LBT additionally
In this case, the LBT of PUSCH with HARQ-ACK can be prioritized as compared with any other PUSCH transmission without UCI. Furthermore, it is allowed to transmit HARQ-ACK only on scheduled PUSCH with additional channel sensing when taking into account the importance of HARQ-ACK feedback for PDSCH. Therefore, we propose to consider a fast LBT which performs CCA with single sensing interval additionally only for intended HARQ-ACK transmission on PUSCH, although the regular LBT for PUSCH fails. On the perspectives of HARQ-ACK decoding on PUSCH at the eNB, it does not require an additional complexity at the eNB since eNB would always expect to receive HARQ-ACK(s) at explicitly or implicitly defined HARQ-ACK timing.
· Proposal: we propose to consider a fast LBT which performs CCA with single sensing interval additionally only for intended HARQ-ACK transmission on PUSCH by an eNB although the regular LBT for PUSCH fails.
3 Conclusion
In this contribution, we have discussed three options for transmission of HARQ-ACKs on an LAA SCell. The LBT scheme for HARQ-ACK transmission and its position in a subframe on LAA SCell have been also considered. We can summarize our views as follows:
· Observation: it seems beneficial to have option 1 as supplementary scheme for offloading a large HARQ-ACK(s) transmission on PUCCH in licensed cell.
· Proposal: we propose to consider a fast LBT which performs CCA with single sensing interval additionally only for intended HARQ-ACK transmission on PUSCH by an eNB although the regular LBT for PUSCH fails.
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