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In this contribution, we discuss some details of UL control signaling design for UL+DL LAA operation. We have conducted an analysis of the changes for UCI needed for DL-only LAA in [1].
Discussion
For UL+DL LAA operation, the design first choice is to reuse the Rel-12 UCI timing and mappings rules with additional enhancements defined in the Rel-13 FeCA WI. To further analyze this, we have to study each UCI type separately, i.e. HARQ-ACK, periodic CSI and aperiodic CSI feedback. 
HARQ-ACK
HARQ-ACK feedback for DL transmissions will be mapped to PUCCH in absence of a PUSCH transmission on any carrier assuming that simultaneous PUSCH and PUCCH operation is not configured. Assuming the Rel-12 CA design, the PUCCH will be transmitted on the PCell. Assuming the Rel-13 FeCA design, the PUCCH can either be transmitted on the PCell or on a PUCCH-SCell configured with HARQ feedback for that specific LAA SCell. 
For the case when PUCCH is located on a licensed carrier and simultaneous PUCCH and PUSCH transmission is configured, it can be ensured that all the HARQ feedback always is transmitted on a licensed carrier. This in itself does not require any new specification change other than defining the HARQ timing in a similar manner as for a DL-only LAA SCell. 
Observation
· For UL+DL LAA SCell, no additional specification impact on HARQ-ACK feedback in addition to that for supporting a DL-only LAA SCell is foreseen.
It is observed that if there is a large number of unlicensed carriers and a limited number of licensed carriers, it may be desirable to offload the UCI load from the licensed spectrum and transmit it on the unlicensed spectrum. This approach would require some specification changes and would therefore be required to be analyzed further. Here we provide some initial analysis on this topic. 
As a first point, it is undesirable to transmit the HARQ-ACK feedback associated with licensed spectrum carriers on unlicensed spectrum carriers. The reason is that the quality of unlicensed spectrum will be worse than the licensed spectrum. Furthermore, if the HARQ-ACK feedback is transmitted assuming LBT in the UL it may be delayed due to the fact that the UE may not have access to the channel. 
We further explore the alternative that UCI mapping on PUSCH is allowed on an LAA SCell. The first operational mode is to operate it without PUCCH on LAA SCells. In that case HARQ-ACK feedback will be mapped to PUCCH on Pcell in absence of PUSCH transmission. In case one or several PUSCH are transmitted, the UCI will map to the applicable PUSCH based on the Rel-12 mapping rules. In case the PUSCH that the UCI is mapped to is a carrier in licensed spectrum, there is, in general, no specific specification issue why this should not work. 
A second alternative is to configure the UE with PUCCH on at least one LAA SCell operating UL+DL LAA. The HARQ-ACK bits corresponding to the carriers in licensed spectrum should be mapped by eNB configuration towards the PUCCH on the PCell or any additional PUCCH on SCell in licensed spectrum. For the PUCCH on LAA SCells, the HARQ-ACK bits that are associated with only LAA SCells can be mapped on some of them. Based on these mappings to PUCCH groups, the HARQ-ACK feedback mechanisms can be defined for unlicensed carrier. 
In addition, it is highly desirable from a HARQ-ACK feedback point of view that HARQ-ACK feedback is only associated with an aperiodic CSI report within its own group of cells and is not associated with an UCI transmission for another group. This will ensure that the HARQ-ACK feedback from carriers in licensed spectrum is not mapped to an LAA SCell PUSCH UCI transmission.
In case HARQ-ACK is transmitted on an LAA SCell, the HARQ-ACK design is very much dependent on the LBT procedure of UL transmission in LAA. It could be problematic due to the fact that UE may not have the access to the channel when HARQ-ACK needs to be transmitted.
Observation:
· Operating with HARQ-ACK feedback on an LAA SCell can offload the HARQ-ACK load from carriers in licensed spectrum.
· UCI design on LAA SCell needs to consider whether or not LBT is required in UL
Proposal:
· The design for PUCCH on SCell can potentially be reused from the FeCA Rel-13 WI.
· Transmission of HARQ-ACK feedback associated with licensed spectrum carriers on unlicensed spectrum carriers should be avoided.
· Multiplexing of HARQ-ACK feedback on PUSCH should be only within each PUCCH group
Periodic CSI
Considering periodic CSI feedback, it is discussed in our companion contribution [2] and [1].
Aperiodic CSI
Finally we consider how to support aperiodic CSI reporting for an LAA SCell. Similar to the case of HARQ-ACK feedback, it is of interest to be able to offload 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. It is of interest to provide the UE with the possibility to report the aperiodic CSI reporting for carrier operating in licensed spectrum and aperiodic CSI reports for LAA SCells on carriers operating on an LAA SCell. Consequently, there is a need to add support for multiple aperiodic CSI reports in the UL compared to the Rel-12 standard. The reporting timing from Rel-12 TDD-FDD CA assuming LAA SCell that carries the report is an FDD cell can be reused. Further it is desirable to be able to configure different reporting sets associated with different carriers so as to enable a smaller reporting set per group of carriers. 
Observation
· The reporting timing from Rel-12 TDD-FDD CA assuming LAA SCell that carries the report is an FDD cell can be reused
Proposal
· In order to support aperiodic CSI reporting on LAA SCells, the following support should be added
· Simultaneous reporting of aperiodic CSI on multiple SCells 
· Different carrier sets within the aperiodic reporting set for CA
Conclusions
In this contribution, we discussed potential solutions for UCI design in LAA. The above discussion is summarized with the following observation and proposal:
Observations:
· For UL+DL LAA SCell, no additional specification impact on HARQ-ACK feedback in addition to that for supporting a DL-only LAA SCell is foreseen.
· Operating with HARQ-ACK feedback on an LAA SCell can offload the HARQ-ACK load from carriers in licensed spectrum.
· UCI design on LAA SCell needs to consider whether or not LBT is required in UL
· The reporting timing from Rel-12 TDD-FDD CA assuming LAA SCell that carries the report is an FDD cell can be reused
Proposals:
· The design for PUCCH on SCell can potentially be reused from the FeCA Rel-13 WI.
· Transmission of HARQ-ACK feedback associated with licensed spectrum carriers on unlicensed spectrum carriers should be avoided.
· Multiplexing of HARQ-ACK feedback on PUSCH should be only within each PUCCH group
· In order to support aperiodic CSI reporting on LAA SCells, the following support should be added
· Simultaneous reporting of aperiodic CSI on multiple SCells 
· Different carrier sets within the aperiodic reporting set for CA
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