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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 RAN1#84, followings were agreed for HARQ-ACK and CSI reporting on a LAA SCell
Agreements:
· Transmission of HARQ ACK for serving cells at licensed carriers on an LAA SCell is not supported
· Transmission of HARQ ACK and CSI for serving cells at unlicensed carriers on an LAA SCell is supported

· FFS on new or existing waveform of channel for UCI transmission on unlicensed carrier

· FFS on the LBT scheme for UCI transmission

· FFS on position of UCI in a subframe
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
Under CA framework, 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, UCI will be transmitted on PUCCH or PUSCH. 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 

To summarize, the UCI is transmitted on PUCCH if the UE is not transmitting PUSCH. If the UE is transmitting PUSCH on PCell, the UCI will be transmitted on PCell PUSCH unless the UE is in random access process. If the UE is transmitting PUSCH on any SCell but not on PCell, the UCI will be transmitted on PUSCH of SCell with the smallest SCellIndex.
For LAA, the UE needs to perform the LBT before the uplink transmission. Therefore, it is possible that the UE may not be able to transmit the UCI on any LAA SCell if LBT is not succeed. Therefore, if the UCI is allowed to be piggyback to PUSCH on LAA SCell, but the UE fails to access the channel, the 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 (or PUCCH if supported) cannot be transmitted due to LBT failure. However, in this case, the UE has to prepare both PUSCH with UCI on LAA SCell and PUCCH on PCell. In this case, the UE may not have sufficient time to prepare two different types of uplink transmission on time. Furthermore, there would be a confusion of HARQ-ACK codebook when the HARQ-ACK bits of both licensed and unlicensed cells are transmitted together. Since RAN1 agreed HARQ-ACK for licensed carriers is only transmitted on licensed carriers, it seems natural to have separate total DAI and counter DAI for licensed cells and unlicensed cells. With separate DAI (like two PUCCH group), UE may not realize the miss detection if all the PDCCHs within one group is lost. Then, the HARQ-ACK bit ordering would be messed up. On the other hand, with joint DAI for licensed cells and unlicensed cells, UE may not know which carrier (licensed or unlicensed carrier) is lost even if UE knows how many PDCCHs is miss detected. Then, UE could not determine how many HARQ-ACK bits to be transmitted on licensed carriers and how many HARQ-ACK bits to be transmitted on unlicensed carriers respectively. Therefore, further study should be required how to transmit the UCI, especially HARQ-ACK transmission. 
To avoid frequent UCI dropping, one possible approach is that eNB and UE can utilize SCell in licensed carrier as much as possible. In other words, according to current specification, if the UE is transmitting PUSCH on any SCell but not on PCell, the UCI will be transmitted on PUSCH of SCell with the smallest SCellIndex. However, in some cases, the SCell with the smallest SCellIndex could be LAA SCell even there is another SCell in licensed carrier. In this case, it would be desirable that the UCI is transmitted in the SCell with the smallest SCellIndex among licensed carriers regardless of SCellIndex of LAA SCells.  
Observation: For a UE LAA SCell could be configured with the smallest SCellIndex while there are another SCells being operated in licensed carriers

Proposal 1: UCI can be transmitted in the SCell with the smallest SCellIndex among licensed carriers. 
Proposal 2: The potential confusion of HARQ-ACK codebook needs further study.  
Another issue of UCI transmission on LAA Scells is the HARQ-ACK timing. In Rel-13 DL-only LAA, it is agreed that HARC-ACK timing follows the DL HARQ-ACK timing based on existing FDD-FDD and TDD-FDD CA spec assuming that the LAA SCell is an FDD Scell. Now, UL transmission on LAA Scell is supported and the UL/DL configuration could be very flexible. It seems new HARQ-ACK timing to cope with the dynamic changed UL/DL configuration may be beneficial. However, the new timing may lead to a quite long latency and also increase the control signaling overhead, e.g., several bits in the DCI are needed to indicate the dynamic HARQ-ACK timing. It would be more proper to reuse Rel-13 HARQ-ACK timing and support UCI transmission fallback to Pcell when eNB wants to configure the corresponding UL subframe as a DL subframe. 

If there is no PUSCH transmission on licensed carrier, further study should be required whether UCI can be transmitted on PUCCH of LAA SCell. Because if PUCCH on LAA SCell is supported, it is expected that rule for UCI transmission is quite complicated. For example, if the PUCCH on LAA SCell and a PUSCH LAA SCell is not in the same TAG, LBT for one of LAA SCells (e.g. PUCCH LAA SCell) could be completed earlier than the others cell (e.g. PUSCH LAA SCell). In this case, UCI carried by PUCCH may be blocked by PUSCH transmission even if the channel for PUSCH LAA SCell is clean enough. Note that even if the PUCCH on LAA SCell and a PUSCH LAA SCell is in the same TAG, such blocking issue could be happened if LBT for PUCCH SCell and PUSCH SCell is different and/or reservasion signal is transmitted after successful LBT.
Proposal 3: Further study is required how to transmit UCI if there is no PUSCH transmission on licensed carrier 
3 Conclusions
Based on the discussion above, we have the following observation and proposals:

Observation: For a UE LAA SCell could be configured with the smallest SCellIndex while there are another SCells being operated in licensed carriers

Proposal 1: UCI can be transmitted in the SCell with the smallest SCellIndex among licensed carriers. 

Proposal 2: The potential confusion of HARQ-ACK codebook needs further study.  
Proposal 3: Further study is required how to transmit UCI if there is no PUSCH transmission on licensed carrier 
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