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1. Introduction
In RAN#70 meeting, a WI on enhanced LAA to specify UL support for LAA SCell operation in unlicensed spectrum was approved [1].
In this contribution, we discuss on the necessity and design of PUCCH transmission in LAA UL.
2 Discussion on PUCCH necessity 
PUCCH mainly carries SR, HARQ-ACK, and periodic CSI.  Below we discuss each UCI type separately.
· SR
SR on PUCCH SCell has been supported in the Rel-13 FeCA. For the case where there are a large number of carriers in the unlicensed spectrum and a limited number of carriers in licensed spectrum, it may be desirable to offload the SR load from the licensed spectrum and SR carried on PUCCH transmitted on LAA SCell can be considered. Furthermore, in dual connectivity, SR transmission is supported on the pSCell, If pSCell is an unlicensed carrier it is also desirable to transmit SR on PUCCH on that unlicensed carrier. 
· HARQ-ACK
ACK/NACK feedback is needed for contention window size adjustment of eNB DL LBT Category 4 operation and PDSCH acknowledgement. Therefore, HARQ-ACK feedback is necessary for LAA. For a Rel-13 UE, ACK/NACK can be sent using one of the following options:
Option 1: if only one PUCCH is configured, HARQ-ACK feedback for DL transmissions can be mapped to PUCCH on PCell. 
Option 2: if multiple PUCCHs are configured, HARQ-ACK feedback for DL transmissions can be transmitted on PUCCH of SCell. 
Option 3: HARQ-ACK can be multiplexed with data transmission on PUSCH assuming that simultaneous PUSCH and PUCCH operation is not configured.
ACK/NACK on either PUCCH or PUSCH transmitted on the unlicensed carrier in general depends on UL LBT procedure in LAA. However, similar reason as for SR, considering the overload of licensed carrier, HARQ-ACK transmitted on an LAA SCell PUCCH should be supported to avoid the impacts to legacy UEs which are relying on the physical resource of the licensed carrier especially in the case of a few licensed carriers with a large number of LAA SCells. In option 3, it has some performance impact to UL data if HARQ-ACK multiplexed on PUSCH.
· CSI

Aperiodic CSI reporting is transmitted only on PUSCH while periodic CSI reporting can be multiplexed with data transmission on PUSCH or carried by PUCCH. However, as mentioned in above, CSI multiplexed on PUSCH will impact the data performance. As a Rel-13 UE can support PUCCH format 4/5, which  occupy more RBs and can carry periodic CSIs for multiple serving cells like PUSCH，therefore, periodic CSI transmission on PUCCH can relieve impact to data performance comparing to periodic CSI transmission on PUSCH.
Similar to the case of SR and HARQ-ACK, it is of interest to offload from the carriers in licensed spectrum in case the amount of licensed spectrum is limited and there is a significant amount of unlicensed spectrum aggregated by the UE. Therefore, considering the overload of licensed carrier, CSI reporting transmitted on an LAA SCell PUCCH should be supported. 
In summary, SR, HARQ-ACK and periodic CSI carried by PUCCH are necessary for LAA. Given that PUCCH on SCell has been supported in Rel-13 CA, it is straight forward to extend to LAA SCell. 
Proposal 1: 
· PUCCH on LAA SCell should be supported. 
· The agreements achieved during the Rel-13 FeCA can be used as the baseline.
3  PUCCH transmission
For PUCCH transmission on LAA unlicensed spectrum, some factors should be considered. Due to UL LBT, PUCCH transmission opportunity should be considered as delay may be introduced if LBT is not successful. Another issue is that PUCCH transmission needs to satisfy the regulatory requirements that the occupied channel bandwidth shall be between 80% and 100% of the declared Nominal channel bandwidth. 
· LBT for PUCCH
According to regulation, UE should perform LBT before transmission on LAA unlicensed spectrum. For PUCCH transmission without PUSCH, fast LBT scheme with one 25 us CCA slot or Cat4 LBT scheme with smaller CW such as CW=1 or 3 can be considered to improve PUCCH channel access probability. Another aspect of UL LBT is about CCA position. If the last symbol of a subframe is used for UL CCA, a shortened PUCCH where the last symbol in the second slot of a subframe could be left empty to accommodate other UEs CCA. 
When PUCCH transmit with PUSCH, UE may follow the LBT scheme defined for PUSCH. UE just perform CCA once, and if succeed, PUCCH and PUSCH can be transmitted at the same time. 
· Bandwidth requirement 
For PUCCH transmission without PUSCH, because PUCCH occupies only the two boundary positions or some continuous PRBs of UL system bandwidth, transmission Occupied Channel Bandwidth may not satisfy the regulation requirements. In this case, some methods can be considered to satisfy the occupied channel bandwidth constraint, such as: 
Option 1: modify UCI mapping subcarrier or RB interval for LAA PUCCH. This approach would require some specification changes for PUCCH resource mapping, and PUCCH waveform may be changed.
Option 2：a simple approach is to transmit reservation signal on the resource other than existing PUCCH PRBs. UE can transmit some padding signal, such as preamble, or DMRS or SRS or PUSCH or duplication of PUCCH to assure the UE transmission bandwidth span the whole bandwidth. However, interference on other UEs’ PUSCH or PUCCH in the same subframe may be introduced.
If simultaneous PUCCH and PUSCH transmission is configured, and when PUCCH is needed for SR, HARQ-ACK or periodic CSI on that Scell, eNB can schedule PUSCH at the same subframe. In this case, as long as PUSCH of this UE satisfied occupied channel bandwidth requirement, the PUCCH waveform would not need to be changed.
Proposal 2: 
· For a UE, PUCCH transmission with PUSCH is supported. 
· FFS PUCCH transmission without PUSCH is supported.
4 Conclusion
This contribution presents our views on several aspects of LAA PUCCH. The proposals are as follows:
Proposal 1:
· PUCCH on LAA SCell should be supported. 

· The agreements achieved during the Rel-13 FeCA can be used as the baseline.
· Proposal 2:
· For a UE, PUCCH transmission with PUSCH is supported. 
· FFS PUCCH transmission without PUSCH is supported.
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