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1. Introduction

In RAN1#84 and RAN1#84bis meetings, following agreements and working assumption related to uplink control information (UCI) transmission for LAA SCell were made [1][2].
	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
Agreement:

· PUCCH on LAA SCell is not introduced in eLAA within the current scope of the work item

· The introduction of PUCCH at a later stage in Rel-14 is not precluded

Agreement:

· Simultaneous L-cell PUCCH and LAA SCell PUSCH transmission is supported by the UE

· Note: Not configuring this would impact PUSCH transmission opportunities on the LAA SCell
· Note: whether this feature is optional or mandatory is a separate discussion

· Note: this does not necessarily imply that a UE needs support simultaneous PUCCH and PUSCH within one band or adjacent bands

Agreement:

· Transmission of aperiodic CSI on an LAA SCell is supported at least for aperiodic CSI for an unlicensed carrier

· Both aperiodic CSI only (without UL-SCH) and aperiodic CSI with UL-SCH are supported

· FFS the conditions for aperiodic CSI only on an LAA SCell

· Transmission of periodic CSI on an LAA SCell is not supported within the current scope of the eLAA work item

· The introduction of periodic CSI on an LAA Scell at a later stage in Rel-14 is not precluded

Working assumptions:

· eLAA supports transmission of UCI including at least HARQ-ACK on PUSCH within a “UCI cell group” consisting of only LAA SCells at least for self-scheduling

· No PUCCH on any SCell in the UCG

· This cell group is not referring to a PUCCH cell group

· FFS: Timing relationship between DL transmissions and HARQ-ACK

· FFS: Whether the UCI cell group can also include an SCell in the licensed band

· All HARQ-ACKs for SCells within the UCI cell group are always carried on PUSCH on one or more SCells within the UCI cell group when the UCI cell group is configured


In this contribution, we provide views on the introduction of UCI cell group (UCG) and discuss UCI transmission method with Rel-13 CA configuration or UCG configuration.
2. Discussion on the introduction of UCG

UCG would be beneficial in terms of UCI offloading because licensed cell does not need to convey HARQ-ACK for LAA SCell(s) within UCG. When we design HARQ-ACK transmission within UCG, we have to consider the characteristics of LAA SCell such as opportunistic DL/UL configuration of frame structure 3, HARQ-ACK transmission failure based on LBT result, and so on. As a result, the consideration on new timing relationship between PDSCH and HARQ-ACK or deferred HARQ-ACK transmission can be necessary. However, despite the benefit of UCG, UCG based UCI transmission should be specified after legacy CA based UCI transmission is well designed since legacy CA configuration is the basic operation.
Suggestion 1: Prioritize UE procedure for UCI transmission with legacy CA configuration.
3. UCI transmission with CA configuration

In this section, we discuss how the UE configured with legacy CA including LAA SCell transmits HARQ-ACK as well as aperiodic CSI.

Firstly, for HARQ-ACK transmission, if a UE is configured for simultaneous PUCCH and PUSCH transmission, the UE always feedbacks HARQ-ACK on licensed cell PUCCH. However, if a UE is not configured for simultaneous PUCCH and PUSCH transmission, following UE behaviors can be different from legacy CA due to LBT and the agreement that HARQ-ACK for licensed cell cannot be transmitted on LAA SCell.
· UE behavior 1: If the UE is not transmitting PUSCH on PCell (or PUCCH-SCell) and transmitting PUSCH on at least one licensed SCell, then HARQ-ACK is transmitted on PUSCH of the SCell with smallest SCellIndex out of licensed cells considering the uncertainty of transmission on unlicensed carrier due to LBT.

· UE behavior 2: If PUSCH is scheduled only on LAA SCell(s) and the UE has HARQ-ACK corresponding to PDSCH received from licensed cell(s), the UE cannot send the HARQ-ACK for licensed cells. One simple solution is to consider it as mal-function. However, this situation can occur if all of DL grants in licensed carrier are missed. Therefore, the other solution is to not transmit PUSCH on LAA SCell(s) and send HARQ-ACK on PUCCH.
· UE behavior 3: If PUSCH is scheduled only on LAA SCell(s) and the UE has HARQ-ACK corresponding to PDSCH received from only LAA SCell(s), the UE transmits HARQ-ACK on the LAA SCell with the smallest SCellIndex only if LBT for the LAA SCell succeeds. Note that the legacy timing relationship between PDSCH and HARQ-ACK should be kept.
According to Rel-13 CA, a UE is configured with semi-static or dynamic HARQ-ACK codebook by RRC signaling. For UE behavior 3, if a UE is configured with semi-static HARQ-ACK codebook, the HARQ-ACK codebook size is determined according to the number of configured LAA SCells. Also for UE behavior 3, for a UE configured with dynamic HARQ-ACK codebook, 3 alternatives can be given considering that the UE can recognize whether some of DL grants are missed or not by using counter DAI and total DAI.
· Alt. 1: If a UE recognizes that some of DL grants are missed, the UE transmits HARQ-ACK on PUCCH and drop all scheduled PUSCH on LAA SCell.

· This is the most conservative way to protect HARQ-ACK for licensed cells which can correspond to missed DL grants.

· Alt. 2: Even though a UE recognizes that some of DL grants are missed, the UE transmits HARQ-ACK on LAA SCell PUSCH, same as UE behavior 3.

· This may violate the agreement that HARQ-ACK for licensed carrier cannot be transmitted on LAA SCell. However, the result of Alt. 2 is the same as Alt. 1 since HARQ-ACK corresponding to missed DL grant shall be NACK or DTX.
· Alt. 3: If HARQ-ACK is transmitted on LAA SCell, the HARQ-ACK codebook size is always determined according to the number of configured LAA SCells.
· This does not violate the agreement and scheduled PUSCH on LAA SCell can be transmitted even if some DL grants are missed.
In addition, when a UE transmits HARQ-ACK on LAA SCell (UE behavior 3), it can be allowed for the UE to transmit HARQ-ACK on more than one LAA SCells at the same time to increase the HARQ-ACK transmission probability, which may also provide HARQ-ACK combining gain.
Secondly, for aperiodic CSI transmission, a UE reports aperiodic CSI with PUSCH on the cell indicated by scheduling DCI, which is the same as the legacy UE behavior.
Suggestion 2: Consider following UE behavior for UCI transmission with Rel-13 CA configuration.

· For HARQ-ACK transmission,

· If simultaneous PUCCH/PUSCH transmission is configured,

· Same as the legacy UE behavior

· Otherwise,

· If a UE is scheduled with PUSCH on at least one licensed cell, the UE transmits HARQ-ACK on the cell with the smallest SCellIndex out of licensed cells.
· If a UE is scheduled with PUSCH on only LAA SCells,

· If the UE has HARQ-ACK corresponding to PDSCH received from licensed cell,

· UE drops all scheduled PUSCH on LAA SCells and transmits HARQ-ACK on PUCCH.

· If the UE has HARQ-ACK corresponding to PDSCH received from only LAA SCells,

· UE transmits HARQ-ACK on the LAA SCell with the smallest SCellIndex only if LBT for the LAA SCell succeeds.
· For the UE configured with semi-static HARQ-ACK codebook, the HARQ-ACK codebook size is determined according to the number of configured LAA SCells.

· FFS: HARQ-ACK codebook for the UE configured with dynamic HARQ-ACK codebook

· FFS: HARQ-ACK transmission on more than one LAA SCells at the same time

· For aperiodic CSI transmission,

· Same as the legacy UE behavior

4. UCI transmission with UCG configuration

For UCG configuration, it would be possible that UCG is configured independent of PUCCH CG configuration and also multiple UCGs are configured to a UE. In addition, a UE can be configured with UCG only if the UE has a capability on simultaneous PUCCH and LAA SCell PUSCH transmission. If not, PUSCH on LAA SCells can be frequently dropped whenever a UE has HARQ-ACK for licensed cell.
Suggestion 3: UCG can include only LAA SCells

Suggestion 4: UE can be configured with multiple UCGs
Suggestion 5: UCG can be configured only for a UE capable of simultaneous PUCCH and LAA SCell PUSCH transmission

HARQ-ACK can be transmitted on LAA SCell PUSCH corresponding to UL grant which may schedule UCI only transmission without UL-SCH. In other words, if UE is not transmitting PUSCH on LAA SCell, neither HARQ-ACK for LAA SCell(s) is transmitted. To make eNB and UE have a common understanding on HARQ-ACK codebook size, fixed codebook size seems reasonable and the codebook size can be determined according to the maximum or configured HARQ process number (or configured number of subframes) and configured LAA SCells within UCG. Similar to HARQ-ACK transmission for a UE configured with CA, we can also consider for the UE to transmit HARQ-ACK on more than one LAA SCells at the same time.
For aperiodic CSI transmission, aperiodic CSI reporting should be per CG basis just as PUCCH CG case to allow more chance of CSI feedback for LAA SCells in UCG.
Suggestion 6: Consider following UE behavior for UCI transmission with UCG configuration.

· For HARQ-ACK transmission,

· UE transmits HARQ-ACK on the LAA SCell PUSCH signaled by UL grant only if LBT for the LAA SCell is succeeded.

· The HARQ-ACK codebook size is determined according to the maximum or configured HARQ process number (or configured number of subframes) and configured LAA SCells within UCG

· FFS: Signaling details for UL grant for PUSCH without UL-SCH
· FFS: HARQ-ACK transmission on more than one LAA SCells at the same time

· For aperiodic CSI transmission,

· Aperiodic CSI reporting is per CG basis
If we consider that cross-carrier scheduling can be preferable especially for uplink scheduling, we can allow cross-carrier UL scheduling between licensed cell and LAA SCell within UCG even though cross-carrier scheduling across PUCCH CGs is not permitted in Rel-13 CA.
Suggestion 7: UE can be configured with a licensed cell to schedule an LAA SCell within UCG.
5. Summary and conclusions

In this contribution, we provided views on the introduction of UCI cell group (UCG) and discussed UCI transmission method with Rel-13 CA configuration or UCG configuration. The suggestions of this contribution are summarized as follows.
Suggestion 1: Prioritize UE procedure for UCI transmission with legacy CA configuration.
Suggestion 2: Consider following UE behavior for UCI transmission with Rel-13 CA configuration.

· For HARQ-ACK transmission,

· If simultaneous PUCCH/PUSCH transmission is configured,

· Same as the legacy UE behavior

· Otherwise,

· If a UE is scheduled with PUSCH on at least one licensed cell, the UE transmits HARQ-ACK on the cell with the smallest SCellIndex out of licensed cells.

· If a UE is scheduled with PUSCH on only LAA SCells,

· If the UE has HARQ-ACK corresponding to PDSCH received from licensed cell,

· UE drops all scheduled PUSCH on LAA SCells and transmits HARQ-ACK on PUCCH.

· If the UE has HARQ-ACK corresponding to PDSCH received from only LAA SCells,

· UE transmits HARQ-ACK on the LAA SCell with the smallest SCellIndex only if LBT for the LAA SCell succeeds.

· For the UE configured with semi-static HARQ-ACK codebook, the HARQ-ACK codebook size is determined according to the number of configured LAA SCells.

· FFS: HARQ-ACK codebook for the UE configured with dynamic HARQ-ACK codebook

· FFS: HARQ-ACK transmission on more than one LAA SCells at the same time

· For aperiodic CSI transmission,

· Same as the legacy UE behavior

Suggestion 3: UCG can include only LAA SCells

Suggestion 4: UE can be configured with multiple UCGs

Suggestion 5: UCG can be configured only for a UE capable of simultaneous PUCCH and LAA SCell PUSCH transmission

Suggestion 6: Consider following UE behavior for UCI transmission with UCG configuration.

· For HARQ-ACK transmission,

· UE transmits HARQ-ACK on the LAA SCell PUSCH signaled by UL grant only if LBT for the LAA SCell is succeeded.

· The HARQ-ACK codebook size is determined according to the maximum or configured HARQ process number (or configured number of subframes) and configured LAA SCells within UCG

· FFS: Signaling details for UL grant for PUSCH without UL-SCH

· FFS: HARQ-ACK transmission on more than one LAA SCells at the same time

· For aperiodic CSI transmission,

· Aperiodic CSI reporting is per CG basis

Suggestion 7: UE can be configured with a licensed cell to schedule an LAA SCell within UCG.
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