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1 Introduction

In 3GPP TSG RAN #70 meeting, the work item of “New Work Item on enhanced LAA for LTE” was approved for Release 14 study [1]. The objective within this work item is to specify UL support for LAA SCell operation in unlicensed spectrum including 

· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
In this contribution, we give the views on uplink control information (UCI) transmission for eLAA.
2 Discussions
In general, UCI can be transmitted over PUCCH in the absence of PUSCH. In the presence of PUSCH, UCI (e.g. HARQ-ACK) can be transmitted over PUCCH if the UE is configured for simultaneous PUSCH and PUCCH transmission. Otherwise UCI can be transmitted over PUSCH if the UE is not configured for simultaneous PUSCH and PUCCH transmission.
When UCI is transmitted over PUCCH, there are two options can be considered for eLAA.

· PUCCH is transmitted on licensed spectrum
· PUCCH is transmitted on unlicensed spectrum
If PUCCH is transmitted on licensed spectrum, PUCCH performance well as the strict timing to report UCI can be ensured, e.g. the timing between PDSCH and UL HARQ-ACK. On the other side, if PUCCH is transmitted on SCell operation on unlicensed spectrum, LBT would be needed for PUCCH to ensure the fairness on accessing the channel. This will result in uncertainty for UCI transmission, e.g. HARQ-ACK and would impact the following data transmission. Redesign the PUCCH with consideration of LBT would require much standard efforts. From this aspect, PUCCH is preferable to be transmitted on licensed spectrum.
One potential concern to make PUCCH only on the licensed spectrum may be UCI capacity. However as discussed in Rel. 13 LTE CA enhancement, it was agreed that UE can be configured with a PUCCH-SCell [2]. That means up to two Cells including PCell and PUCCH-SCell can be utilized to support PUCCH transmission. Therefore for eLAA, if there are two Cells over the licensed spectrum, except PCell, another SCell on the licensed spectrum can also be configured with PUCCH transmission. This would provide more reliable resources to carry UCI over the licensed spectrum.
Therefore, if not considering dual connectivity with unlicensed PSCell, there is no good reason to support PUCCH over SCell on the unlicensed band.

Proposal 1: PUCCH on SCell over the unlicensed spectrum is not supported due to the uncertainty of channel availability at the scheduled time instance.
However, if there is only one Cell over the licensed spectrum which can transmit PUCCH and the capacity is not sufficient, UCI can also be transmitted over the unlicensed spectrum on PUSCH. Since in eLAA, UE will anyway be scheduled to transmit PUSCH on the SCell over the unlicensed spectrum, UCI on PUSCH over the unlicensed spectrum should be supported.

Proposal 2: UCI on PUSCH over the unlicensed spectrum should be supported.

When UE is not configured with simultaneous PUSCH and PUCCH transmission, following CA mechanism, e.g. in the presence of PUSCH, and if the UCI consists of periodic CSI and/or HARQ-ACK, UCI will be transmitted on PUSCH of the SCell with smallest SCellIndex if this UE is not transmitting PUSCH on PCell but is transmitting PUSCH on at least one SCell. Similar mechanisms apply to aperiodic CSI and/or HARQ-ACK, except that the UCI will be transmitted on the PUSCH of the serving cell of the aperiodic CSI triggering. However since PUSCH is subject to LBT, how to transmit the UCI once the channel is not available at the predefined time should be solved. One straight way may be to fallback UCI transmission over the PUCCH in the licensed spectrum when the channel access on SCell fails. But if at the same time, LBT for other SCells containing scheduled PUSCH for this UE succeeds, the scheduled PUSCH for other SCells should also be dropped since this UE is not configured with simultaneous PUSCH and PUCCH transmission. This would result in low efficiency over the unlicensed spectrum. 
On the other hand, when UE is configured with simultaneous PUSCH and PUCCH transmission, following CA mechanism, e.g. in the presence of PUSCH and if the UCI consists of periodic CSI and HARQ-ACK, HARQ-ACK is transmitted on PUCCH and the periodic CSI is transmitted on PUSCH of the SCell with smallest SCellIndex if this UE is not transmitting PUSCH on PCell but is transmitting PUSCH on at least one SCell. Similar mechanisms apply to aperiodic CSI and/or HARQ-ACK, except that the UCI will be transmitted on the PUSCH of the serving cell of the aperiodic CSI triggering. In this case, even if LBT for the given SCell fails, HARQ-ACK transmission can also be ensured through PUCCH over the licensed spectrum. However the CSI may be dropped. Thus ensuring CSI transmission needs to be considered.
In summary, according to the above analysis, how to support UCI transmission on PUSCH over LAA SCell should be considered
Proposal 3: Design of UCI on PUSCH should consider the transmission efficiency of both UCI and PUSCH.

3 Conclusion
In this contribution, UCI transmission for eLAA is discussed. According to the analysis, the following proposals and observations were achieved.
Proposal 1: PUCCH on SCell over the unlicensed spectrum is not supported due to the uncertainty of channel availability at the scheduled time instance.
Proposal 2: UCI on PUSCH over the unlicensed spectrum should be supported.

Proposal 3: Design of UCI on PUSCH should consider the transmission efficiency of both UCI and PUSCH.
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