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1. Introduction
In RAN#65, a new study item on licensed-assisted access (LAA) using LTE on unlicensed spectrum [1] was approved. In this contribution, we discuss the design for DL and UL control signalling in LAA.

2. Control Signalling
2.1 UL Control Signalling
In LTE, UL control signalling is carried on PUCCH or multiplexed on PUSCH.
Until Rel-12, PUCCH is always on PCell for CA. With the new WI for CA enhancement beyond 5 carriers in Rel-13 [2], PUCCH will also be supported on SCell. For LAA, because the UE may not have the access to the channel when PUCCH (carrying HARQ-ACK and/or CSI feedback) needs to be transmitted, it is not desirable to transmit PUCCH on an LAA carrier. If only one PUCCH is configured, it is always on PCell so this is not an issue. If there are more than one PUCCH configured, these multiple PUCCHs should all be configured on licensed carriers. This may affect how the PUCCH design is done in the CA enhancement WI.
Proposal 1: PUCCH is always transmitted on licensed carriers. This should be taken into consideration in the discussion of the CA enhancement WI.
Currently if the UE does not support simultaneous PUCCH/PUSCH transmission, and PUSCH transmission and the control signalling occur in the same subframe, the control signalling is multiplexed on PUSCH. In LAA, one issue with PUSCH transmission is that after the eNB schedules the PUSCH transmission, the UE may not be able to actually transmit it if the (e)CCA does not succeed. If UL control signalling is allowed to be multiplexed on PUSCH on LAA carrier, there is uncertainty whether it can be transmitted or not. Although fallback to the licensed carriers could be defined when this occurs, it would be simpler to prohibit the multiplexing of UL control signalling on PUSCH on LAA. In this case, the control signaling is either transmitted on PUCCH on a licensed carrier or multiplexed on PUSCH on a licensed carrier.
Proposal 2: UL control signaling is not multiplexed on PUSCH on LAA carrier. It is carried on PUCCH or PUSCH on licensed carriers.
2.2 (E)PDCCH
Generally speaking, transmission on a licensed carrier is more reliable than that on an LAA carrier. To take advantage of the reliability on the licensed carrier, an LAA carrier could always be cross-scheduled by a licensed carrier, so that DL/UL grants for the LAA carrier are transmitted on the (E)PDCCH on the licensed carrier. However, there could be some potential issues with this approach:
· There can be a large number of unlicensed carriers configured with a single licensed carrier. If all the unlicensed carriers are cross-scheduled by the licensed carrier, it can use a significant amount of resources on the licensed carrier, leaving little resources to serve the non-LAA UEs.
· If the scheduling cell is a TDD cell, some DL and/or UL subframes on the LAA carrier are not schedulable unless cross-subframe or multi-subframe scheduling is introduced.
· Usually the eNB needs to perform the scheduling for (E)PDCCH in advance (e.g. hundreds of ms before the actual transmission). At this time, the eNB may not know yet whether the (e)CCA check would pass on the LAA carrier(s), even when it has data to schedule.
· If the eNB does the scheduling without considering the LAA carrier(s), it may result in the case where the (E)PDCCH for the LAA carrier(s) can no longer be scheduled after (e)CCA check success due to lack of resources on the licensed carrier.
· If the eNB does the scheduling assuming transmissions on the LAA carrier(s), it would result in the waste of resource on (E)PDCCH if (e)CCA check fails later.
Given these issues, the (E)PDCCH should not be restricted to the licensed carriers. Self-scheduling on the LAA carrier should be supported as well.
Proposal 3: Both self-scheduling and cross-carrier scheduling should be supported for LAA carriers.

3. Conclusion
In this contribution, we have discussed the control signaling for LAA and proposed the following:
Proposal 1: PUCCH is always transmitted on licensed carriers. This should be taken into consideration in the discussion of the CA enhancement WI.
Proposal 2: UL control signaling is not multiplexed on PUSCH on LAA carrier. It is carried on PUCCH or PUSCH on licensed carriers.
Proposal 3: Both self-scheduling and cross-carrier scheduling should be supported for LAA carriers.
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