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1 Introduction

During the SI, following was agreed for aperiodic CSI reporting on a LAA SCell
Agreements:
· Aperiodic CSI reporting can be carried on PUSCH transmitted on a carrier in licensed spectrum or on an LAA SCell
· If the PUSCH containing aperiodic CSI is scheduled on LAA SCell and cannot be transmitted in the scheduled subframe on the scheduled carrier, the aperiodic CSI based on the same scheduling grant is not transmitted in another subframe or another carrier
· Otherwise, it is recommended to follow the existing mechanism in CA for aperiodic CSI reporting (if no issue will be identified), including potential additional Rel-13 CA enhancement(s) if no issue is identified for using Rel-13 CA enhancement(s)
In this contribution, we discuss the UCI transmission rule for UL LAA when the UCI is carried on LAA SCell.
2 Discussion on UCI transmission
In Rel-13 CA, UCI can be transmitted on PUCCH and/or PUSCH if the UE is configured more than one serving cell. In case of simultaneously PUCCH and PUSCH transmission is not configured, UCI will be transmitted on PUSCH if the UE is transmitting PUSCH. In case of the UE is not transmitting PUSCH, UCI will be transmitted on PUCCH. The detailed rules are specified as follows:
· If the UE is configured with more than one serving cell and is not configured for simultaneous PUSCH and PUCCH transmission, then in subframe [image: image1.wmf]n

 UCI shall be transmitted 

· on PUCCH using format 1/1a/1b/3/4/5 or 2/2a/2b if the UE is not transmitting PUSCH 

· on PUSCH of the serving cell given in subclause 7.2.1 if the UCI consists of aperiodic CSI or aperiodic CSI and HARQ-ACK

· on primary cell PUSCH if the UCI consists of periodic CSI and/or HARQ-ACK and if the UE is transmitting on the primary cell PUSCH in subframe [image: image2.wmf]n

 unless the primary cell PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure, in which case UCI is not transmitted

· on PUSCH of the secondary cell with smallest SCellIndex if the UCI consists of periodic CSI and/or HARQ-ACK and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at least one secondary cell 

More specifically, if the UE is transmitting PCell PUSCH in licensed carrier, the UCI will be transmitted on the PCell PUSCH unless the UE is not in random access process. If the UE is transmitting SCell PUSCH, the UCI will be transmitted on SCell PUSCH with the smallest SCellIndex if there is no PUSCH transmission on PCell. 
For LAA, the UE needs to perform the LBT before the scheduled uplink transmission, the UE may not be able to transmit the PUSCH on LAA SCell if LBT is not succeed. Therefore, if the UCI is multiplexed with PUSCH on LAA SCell, but UE fails to access the channel, UCI as well as PUSCH shall not be transmitted. Dropping periodic CSI or aperiodic CSI may be not that issue, but it would be desirable to transmit HARQ-ACK by any means necessary.
One simple solution is that UCI is transmitted in PUCCH on PCell if the PUSCH on LAA SCell with the smallest ScellIndex cannot be transmitted due to LBT fails. To do this, the UE has to prepare both PUSCH with UCI and PUCCH. In addition to increased overhead, the UE may not have sufficient time to prepare different types of uplink transmission on time. Therefore, it should be investigated how to transmit the UCI, especially HARQ-ACK, if the PUSCH with UCI cannot be transmitted due to LBT fails. One possible approach is that eNB and UE can utilize SCell in licensed carrier as much as possible to avoid such UCI dropping issue. In this case, UCI can be transmitted in the SCell with the smallest SCellIndex in licensed carriers even if there is a SCell in unlicensed carrier with the smaller ScellIndex than licensed carrier. In case of there is no PUSCH transmission on licensed carrier, the UCI can be transmitted in PUCCH if the UCI consist of at least HARQ-ACK. 
Another way to deal with ACK/NACK dropping is to require UEs supporting carrier aggregation of unlicensed cells to support simultaneous PUCCH+PUSCH transmission. That is, it is not configurable/optional feature, it is a mandatory UE capability. Similar approach can be applied for the UE configured with more than one serving cell and simultaneous PUSCH and PUCCH transmission. In case of UCI consists of HARQ-ACK and periodic CSI, the periodic CSI can be transmitted on PUSCH of the secondary cell with the smallest SCellIndex in licensed carrier while HARQ-ACK is transmitted on PUCCH unless there is PUSCH transmission on PCell. If there is no PUSCH transmission on licensed carrier, the UCI could be transmitted on PUCCH.

Proposal: It should be investigated how to transmit the UCI, especially HARQ-ACK, if the UCI cannot be transmitted in PUSCH on LAA SCell with the smallest SCellIndex due to LBT.

In the forward compatibility scenarios such as DC, CCs in MCG and SCG may not be synchronized due to non-ideal backhaul. Even under the non-synchronized DC network, the former investigation on UCI transmission for CA would be valid unless all SCells are operated in unlicensed carrier. In general, at least one licensed SCell is likely to be configured as PSCell, it is also possible that all configured SCells including PSCell can be LAA SCells. In this case, a latency issue for UCI transmission on PSCell may need to be studied, especially for HARQ-ACK. In the HARQ-ACK case, it is even worse due to timing constraint. Furthermore, UCI dropping may occur more frequently due to LBT on PSCell. Even though utilizing PUCCH at PCell, it may lead to significant overhead at the PCell. Therefore, LBT impact needs to be taken into account for more robust UCI transmission if dual-connectivity scenario is required to be considered. But before going further, revealing how significant issues for UCI transmission exist should be studied in detail. Supposing LBT is critical for a latency to transmit UCI, especially HARQ-ACK. Then we need the way to increase success rate of LBT prior to UCI transmission at least for HARQ-ACK. Regarding to CSI report, it may be raised about the issues on not from the latency requirement, but the efficiency of aperiodic PUSCH grant subject to LBT.
Observation: It is beneficial to investigate how much UCI dropping occurs due to LBT, before digging further on the forward compatibility aspects.

3 Conclusions
Based on the discussion above, we have the following proposals:

Proposal: It should be investigated how to transmit the UCI, especially HARQ-ACK, if the UCI cannot be transmitted in PUSCH on LAA SCell with the smallest SCellIndex due to LBT.

Observation: It is beneficial to investigate how much UCI dropping occurs due to LBT, before digging further on the forward compatibility aspects.
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