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1. Introduction
RAN1 decided not to introduce PUCCH on unlicensed SCell in eLAA within the current scope of the work item. And RAN1 also agreed periodic CSI (P-CSI) on an unlicensed SCell is not supported for eLAA. Since PUCCH is only on licensed cell, P-CSI by PUCCH is ensured not to appear on an unlicensed SCell. But according to the current specification, P-CSI can also be transmitted by PUSCH when only PUSCH on unlicensed Scell is scheduled. It conflicts with the agreement. 
In this contribution, the detailed UE behavior of P-CSI transmission is discussed to avoid P-CSI by PUSCH on an unlicensed SCell. 

2. Discussion
2.1 P-CSI transmission issue  
To support efficient UL transmission on an LAA Scell, RAN1 agreed that an LAA SCell for UL is configured to the UE only if simultaneous PUCCH in licensed spectrum and LAA SCell PUSCH transmission is supported by the UE. 

According to the current spec, if the UE is configured with more than one serving cell and simultaneous PUSCH and PUCCH transmission, and when ACK/NACK and P-CSI report collides in the same subframe, 
· on PUCCH using format 4/5 if the UCI consists only of HARQ-ACK and/or SR and/or periodic CSI 
· as described in subclause 10.1.1 (on PUCCH), if the UCI consists of periodic CSI and HARQ-ACK and if the UE is not transmitting on PUSCH 

· on PUCCH and primary cell PUSCH if the UCI consists of HARQ-ACK and periodic CSI and the UE is transmitting PUSCH on the primary cell, in which case the HARQ-ACK is transmitted on PUCCH using format 1a/1b/3 and the periodic CSI is transmitted on PUSCH 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 periodic CSI is not transmitted

· on PUCCH and PUSCH of the secondary cell (other than a LAA SCell) with the smallest SCellIndex if the UCI consists of HARQ-ACK and periodic CSI and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at least one secondary cell, in which case, the HARQ-ACK is transmitted on PUCCH using format 1a/1b/3 and the periodic CSI is transmitted on PUSCH 

It can be seen that P-CSI is transmitted on PUSCH while ACK/NACK is transmitted on PUCCH for the case of PUCCH format 1a/1b/3. Then, when UE is scheduled with only PUSCH transmission on unlicensed SCell, it seems UE shall transmit P-CSI on PUSCH of unlicensed SCell. Obviously, it conflicts with the current agreement of not transmitting P-CSI on unlicensed Scell. 
Observation: According to the current spec, when UE is scheduled with only PUSCH transmission on unlicensed SCell, UE shall transmit P-CSI on PUSCH of unlicensed SCell. It conflicts with the current agreement of not transmitting P-CSI on unlicensed Scell.
2.2 Possible solutions   
To support P-CSI transmission only on licensed SCells when ACK/NACK and P-CSI collides in the same subframe, and only PUSCH is scheduled on LAA SCells, there’re three possible solutions. 

Option 1: Transmit ACK/NACK on PUCCH on Pcell, drop the periodic CSI, and transmit PUSCH on scheduled LAA SCells. 
In LTE system, UCI always has higher priority than PUSCH transmission with only UL-SCH. The drop of periodic CSI report is not aligned with this principle. Considering the CSI-RS transmission opportunity on unlicensed Scell is not always guaranteed due to LBT option, it is more precious to obtain valid CSI information by CSI report. Therefore, it is not desirable to give up any chance of P-CSI report due to PUSCH transmission on unlicensed SCells. 
Option 2: Reuse existing rules for P-CSI transmission with the assumption of no PUSCH transmission on unlicensed SCells. When only PUSCH on unlicensed SCell is scheduled, the P-CSI transmission follows the case that no PUSCH is scheduled. Then, 
· If the parameter simultaneousAckNackAndCQI is set TRUE and only ACK/NACK for Pcell, P-CSI is multiplexed with ACK/NACK on PUCCH format 2/2a/2b.

· Else if UE is configured with PUCCH format 3 and the parameter simultaneousAckNackAndCQI-Format3-r11  is set TRUE, P-CSI is multiplexed with ACK/NACK on PUCCH format 3 if the total number of ACK/NACK  or spatially bundled ACK/NACK and P-CSI is not larger than 22, 

· Otherwise, P-CSI is dropped and ACK/NACK is transmitted on PUCCH format 1a/1b/3. 
By option 2, P-CSI is transmitted together with ACK/NACK on PUCCH if the payload of UCI is not too large, e.g., smaller than 22 bits. Though “new behavior” is introduced, it does not lead to material UE complexity, since existing CA procedure is reused for UCI transmission without the consideration of PUSCH of unlicensed SCells. 
Option 3: eNB should avoid P-CSI reporting on unlicensed SCells by proper scheduling. 

Because the P-CSI report subframe is high-layer configured and ACK/NACK feedback subframe is also known at eNB side, eNB can intentionally schedule PUSCH on at least one licensed SCell in that subframe. Then, the P-CSI is transmitted by PUSCH on licensed Scell. However, it restricts the scheduling flexibility and impacts the efficient spectrum usage, especially when the traffic load on licensed carrier is already heavy. 
3. Conclusion
Three options to avoid P-CSI transmission on PUSCH of unlicensed Scell are discussed above. To support efficient P-CSI transmission as well as flexible UL scheduling, option 2 is preferred. 
Proposal:  
When P-CSI and ACK/NACK collides in a same subframe and only PUSCH on unlicensed Scell is scheduled, reuse existing rules for P-CSI transmission with the assumption of no PUSCH transmission on unlicensed SCells. 
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