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In RAN1#84, the agreement regarding LAA PUCCH is as following:
Agreements:
· 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
In this contribution, we mainly focus on the PUCCH related issues.
Discussion
PUCCH waveform
If PUCCH is to be supported on the unlicensed carrier, the 80% channel occupancy requirement should be taken into account. Currently PUCCH occupies a slot of lower frequency and a slot of high frequency. And the PUCCH RB pair index can be impacted by high layer signaling. If the distance between the higher RB index and the lower RB index is larger than the 80% system bandwidth, then the requirement can be satisfied. Consequently, high layer signaling with careful parameter selection can be used to configure the PUCCH resource frequency domain position to satisfy the 80% channel occupancy requirement.
Proposal 1: High layer signaling with suitable parameter can be used to decide the PUCCH resource position to satisfy the 80% channel occupancy.
PUCCH channel access scheme
As to channel access scheme for PUCCH, similar or faster channel access scheme than PUSCH can be used for PUCCH transmission on unlicensed carrier. 
Proposal 2: Support channel access scheme similar or faster than PUSCH for PUCCH.
UCI position
If partial subframe is to be introduced due to LBT on one or more symbols of a transmission subframe, enhancement to legacy PUCCH is necessary.
There are mainly four methods to deal with the partial subframe structure:
· Method 1: Puncture the impacted symbol;
· Method 2: Map the least important information to the punctured symbol, and then puncture the corresponding information;
· Method 3: Reduce the OCC length for different PUCCH symbols;
· Method 4: Exchange the impacted PUCCH symbol and a chosen DMRS symbol, and puncture the exchanged DMRS symbol.
Method 1 is the simplest one while puncturing of the corresponding symbol may impact the A/N/CSI feedback performance, and then the system throughput may be decreased. Method 2 goes further than Method 1, as it chooses the least important information to puncture. Meanwhile, Method 2 can only be used by PUCCH format 2/2a/2b like format, where different symbols carry different information bits. There are no punctured information bits for Method 3. And the restriction of Method 3 is that is can only be used by PUCCH format 1a/1b/3 like format, where different symbols carry the same information bits by OCC sequence. For Method 4, there is no impact to the PUCCH symbol, the puncturing is transferred to the DMRS symbol by exchange the symbol mapping rule. However, the channel estimation performance may be impacted due to the DMRS symbol puncturing or OCC length reduction.
In legacy releases, SRS can be transmitted simultaneously with PUCCH if allowed by high layer configuration for specific PUCCH formats. For the SRS transmission on unlicensed carrier, the feature should be kept to increase the transmission opportunity of SRS for channel sounding and scheduling. If SRS and PUCCH are transmitted simultaneously on the partial subframe, similar methods as Method 1 to Method 4 can be adopted. The main difference is that the OCC length reduction is further than the PUCCH only case. 
Proposal 3: Study the impact to UCI transmission due to partial subframe for PUCCH only transmission and PUCCH+SRS transmission.
Conclusion
In this contribution, we discussed the necessity of PUCCH transmission on LAA Scell and the corresponding specification impact, and our proposals are as following:
Proposal 1: High layer signaling with suitable parameter can be used to decide the PUCCH resource position to satisfy the 80% channel occupancy.
Proposal 2: Support channel access scheme similar or faster than PUSCH for PUCCH.
Proposal 3: Study the impact to UCI transmission due to partial subframe for PUCCH only transmission and PUCCH+SRS transmission.
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