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1. Introduction

In RAN#84 meeting, we agreed on uplink control information (UCI) transmission for LAA SCell [1].
	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 UCI transmission options and details considering LBT operation in LAA SCell.
2. UCI transmission options
In this section, we suggest three options for UCI transmission (especially for HARQ-ACK) depending on whether LAA SCell PUCCH is supported or not and whether or not UCI feedback is separated between licensed cells and LAA SCells. Then, we address advantage and drawback of each option.
· Option 1) No UCI separation between licensed cells and LAA SCells without introduction of PUCCH on LAA SCell

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, HARQ-ACK related to LAA SCell can be sent on LAA SCell PUSCH if PUSCH is scheduled only on LAA SCell(s). Specifically, if the UE piggybacks HARQ-ACK only for LAA SCell(s) on unlicensed carrier, the HARQ-ACK codebook contains information related to only LAA SCell(s) (without licensed cells) as shown in Fig.1. Except this behavior, HARQ-ACK codebook design of Option 1) is the same as in Rel-13 eCA.
If a UE is not configured for simultaneous PUCCH and PUSCH transmission, the UE can be encountered with additional issues as follows. If PUSCH is scheduled only on LAA SCell(s) and the UE has HARQ-ACK related to licensed cell(s), the UE cannot send the HARQ-ACK for licensed cells. One possible solution is to not transmit PUSCH on LAA SCell(s) and send HARQ-ACK on PUCCH. In addition, if the UE is not transmitting PUSCH on PCell (or PUCCH-SCell) and transmitting PUSCH on at least one 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.
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Figure 1. Illustration of Option 1)
· Option 2) UCI separation between licensed cells and LAA SCells without introduction of PUCCH on LAA SCell

Considering UCI offloading from licensed carriers to unlicensed carriers, HARQ-ACK codebook can be decoupled between licensed cells and LAA SCells as shown in Fig. 2. Regardless of whether or not a UE is configured for simultaneous PUCCH and PUSCH transmission, HARQ-ACK related to LAA SCell(s) can be transmitted on LAA SCell PUSCH corresponding to UL grant (or DL grant) which may schedule UCI only transmission without UL-SCH. UCI only transmission without UL-SCH can be prioritized over PUSCH including UL-SCH (e.g., by applying faster or single slot LBT). In other words, if UE is not transmitting PUSCH on LAA SCell, neither HARQ-ACK for LAA SCell(s) is transmitted.
For the UE not configured for simultaneous PUCCH and PUSCH transmission, if the UE is scheduled with PUSCH only on LAA SCell(s) and HARQ-ACK for licensed cell(s) exists, the UE has to choose between PUSCH transmission and HARQ-ACK transmission. It seems more desirable to not send PUSCH on LAA SCell(s) and transmit HARQ-ACK related to licensed cell(s) via PUCCH on licensed cell.
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Figure 2. Illustration of Option 2)
· Option 3) Support of PUCCH on LAA SCell
The last option can be to support PUCCH on LAA SCell as shown in Fig. 3. It can be beneficial in that UCI can be offloaded without additional scheduling grant for HARQ-ACK, compared with Option 2). However, we have to carefully determine whether PUCCH on LAA SCell is supported or not in Rel-14 considering tight eLAA time schedule and PUCCH design issues as discussed in [2].
If the secondary PUCCH cell group is configured only with LAA SCells, cross-carrier scheduling between LAA SCells within the same cell group is prohibited according to Rel-13 LAA. However, if we consider that cross-carrier scheduling can be favorable especially for uplink scheduling, we can allow cross-carrier UL scheduling between LAA SCells or between licensed cell and LAA SCell in different cell group.
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Figure 3. Illustration of Option 3)
· Comparison between UCI transmission options

Among above three UCI transmission options, Option 1) has the advantage of minimizing specification impact over other options. Since PCell can be overloaded with UCI transmissions as the number of aggregated cells increases, it may be necessary to offload UCI transmission from PCell to SCell. Option 2) and Option 3) can resolve offloading issue by decouple UCI between licensed cells and LAA SCells. The difference between Option 2) and Option 3) is whether PUCCH on LAA SCell is supported or not. If PUCCH on LAA SCell is not supported as in Option 2), HARQ-ACK related to LAA SCell(s) can be transmitted only on LAA SCell PUSCH, which can yield scheduling grant overhead. On the other hand, if PUCCH on LAA SCell is supported as in Option 3), HARQ-ACK related to LAA SCell(s) can be transmitted without additional scheduling grant but PUCCH design on LAA SCell can lead to large specification impact considering regulatory requirements and channel access procedure as discussed in [2].
Suggestion 1: Consider following options for UCI transmission on LAA SCell.

· Option 1) No UCI separation between licensed cells and LAA SCells without introduction of PUCCH on LAA SCell
· Option 2) UCI separation between licensed cells and LAA SCells without introduction of PUCCH on LAA SCell
· Option 3) Support of PUCCH on LAA SCell
3. Consideration on UCI transmission on LAA SCell
Considering that UE cannot transmit UCI on LAA SCell if LBT fails, it can be beneficial to allow transmitting UCI in at least one of multiple subframes. For instance, as depicted in Fig. 4, UE adopts moving window for transmitting HARQ-ACK whose codebook contains HARQ-ACK information of k (e.g., k=4 subframes and HARQ-ACK corresponding to PDSCH received in SF#4 can be transmitted at from SF#8 to SF#11 depending on LBT result.
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Figure 4. UCI transmission with moving window
Suggestion 2: Against the uncertainty of UCI transmission on unlicensed carrier due to LBT, consider to transmit HARQ-ACK related to a subframe via multiple subframes.

For HARQ-ACK (and/or periodic CSI) piggybacking on LAA SCell PUSCH, eNB may have to blindly detect whether UCI is actually piggybacked or not on each SCell PUSCH, which may not be aligned with legacy eNB’s behaviour. For instance, as depicted in Fig. 5, if a UE is not configured for simultaneous PUCCH and PUSCH transmission, eNB schedules PUSCH both on LAA SCell#1 and #2 at SF#n for the UE and UE has HARQ-ACK (and/or periodic CSI) to transmit at SF#n.
· Case 1: UE receives UL grant and succeeds LBT for both LAA SCells. Then, UCI is piggybacked on LAA SCell#1 since it has the smallest SCellIndex.

· Case 2: UE receives UL grant for both cells but LBT fails for LAA SCell#1. Then, UCI cannot be piggybacked on any cell since it is difficult for a UE implementation to switch PUSCH for UCI piggyback reflecting LBT result.

· Case 3: UE fails to decode UL grant for LAA SCell#1 but receives UL grant for LAA SCell#2 and succeeds LBT for LAA SCell#2. Then, UCI is piggybacked on LAA SCell#2.

Cases 1 and 3 can occur in legacy LTE system. So, eNB can try to decode piggybacked UCI from a SCell with smallest SCellIndex out of detected SCells. However, due to Case 2, eNB has to blindly decode UCI if only LAA SCell#2 is detected. A simple solution is to piggyback UCI on all LAA SCells whenever one of transmitting LAA SCells will include UCI.
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Figure 5. Example of UCI piggyback

Suggestion 3: It can be investigated how to piggyback HARQ-ACK (and/or periodic CSI) on LAA SCell to lessen the burden of eNB’s blind detection.
eNB has to reserve UL resource for periodic CSI report. Even though UL resource is periodically reserved, it may not be used due to the failure of LBT. Therefore, periodic CSI report seems not suitable for LAA SCell. Furthermore, if periodic CSI report is not supported on LAA SCell, eNB do not need to blindly detect at least CSI even though the problem addressed from Fig. 5 occurs.
Suggestion 4: Do not support periodic CSI report on LAA SCell.
4. Summary and conclusions

In this contribution, we discussed UCI transmission options and details considering LBT operation in LAA SCell. The suggestions of this contribution are summarized as follows.
Suggestion 1: Consider following options for UCI transmission on LAA SCell.

· Option 1) No UCI separation between licensed cells and LAA SCells without introduction of PUCCH on LAA SCell
· Option 2) UCI separation between licensed cells and LAA SCells without introduction of PUCCH on LAA SCell
· Option 3) Support of PUCCH on LAA SCell
Suggestion 2: Against the uncertainty of UCI transmission on unlicensed carrier due to LBT, consider to transmit HARQ-ACK related to a subframe via multiple subframes.

Suggestion 3: It can be investigated how to piggyback HARQ-ACK (and/or periodic CSI) on LAA SCell to lessen the burden of eNB’s blind detection.

Suggestion 4: Do not support periodic CSI report on LAA SCell.
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