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In RANP#70, the WID on LAA UL is agreed, and the detailed objectives are as following [1]:
· 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]
· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4]
· Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4, RAN1]
In this contribution, we mainly focus on the PUCCH related issues.
Discussion
PUCCH mainly carries SR/HARQ/CQI information. PUCCH is only transmitted on the Pcell before R13, and PUCCH transmission on Scells is supported for the DC scenario due to non-ideal backhaul. PUCCH transmission on Scell is also supported for the up to 32 CC scenarios in combination with new PUCCH format 4/5 since R13.
For LAA Scells, the number of unlicensed carriers which can be aggregated is very large considering the unlicensed bandwidth. With increasing demand of high definition video in wireless network, transmission and reception rates need to be increased to a large extent. The most efficient way is to aggregate more carriers. Although the licensed carrier can provide service reliably, making use of the unlicensed carrier is also a straight and efficient way to accommodate the traffic demand. As a result, a UE aggregating multiple unlicensed carriers for DL/UL transmission may be very popular for the offloading purpose. 
If there are multiple DL carriers for the UE, then the A/N feedback and CQI carried on PUCCH will be increased dramatically, and PUCCH transmission only on the Pcell may put pressure on the Pcell PUCCH capacity. Considering the DC scenario support in the future, where Pcell PUCCH can’t satisfy the timely scheduling decision due to non-ideal backhaul, it is reasonable to consider the Scell PUCCH support at this stage in a forward compatible way.
Proposal 1: Support PUCCH transmission on LAA Scell.
If PUCCH is to be supported on the unlicensed carrier, there are several issues need to be considered. The first one is the 80% channel occupancy requirement. 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 2: High layer signaling with suitable parameter to decide the PUCCH resource position to satisfy the 80% channel occupancy.
The other issue related to LAA Scell PUCCH is the channel access scheme for PUCCH. Similar or faster channel access scheme than PUSCH can be used for PUCCH transmission on unlicensed carrier. 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, such as reduction of OCC length.
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: Support PUCCH transmission on LAA Scell.
Proposal 2: High layer signaling with suitable parameter to decide the PUCCH resource position to satisfy the 80% channel occupancy.
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