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1 Introduction
In RAN1#84 meeting, regarding the channel access mechanism for uplink transmission on LAA SCell, following agreements are made in [1]:
Agreements:
· Support UL LBT based on a Cat-4 channel access procedure.

· Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst.

· FFS: Condition and restriction on when these options are used
Additionally, regarding the UCI transmission on LAA SCell, below agreements are made:
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 RAN1#84bis meeting, regarding the UCI transmission on LAA SCell, following agreements are made in [2]:
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 focus on UCI transmission issues on LAA SCell, e.g., LBT scheme for UCI transmission, UCI transmission on LAA SCell PUSCH, HARQ-ACK codebook size determination and present our views.
2 UCI transmission on LAA SCell

As already agreed in RAN1#84 meeting, transmission of HARQ-ACK and CSI for serving cells at unlicensed carriers on an LAA SCell is supported. So HARQ-ACK corresponding to unlicensed carriers can be transmitted on one LAA SCell. However, to reduce the scope of Rel-14 eLAA and guarantee Rel-14 eLAA WI can be completed according to the existing work plan, RAN1#84bis meeting has agreed that PUCCH on LAA SCell is not introduced in eLAA within the current scope. Based on the above two agreements, UCI corresponding to unlicensed carriers can be only transmitted on PUSCH if it is transmitted on LAA SCell.

Meanwhile, in the agreed working assumption, 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. It also agrees that 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. For the scope of UCI cell group, we think it can only include SCells on unlicensed band for simplicity. If the UCI cell group includes licensed carrier, it is better to carry UCI on licensed carrier because of higher reliability of licensed carrier than unlicensed carrier. The motivation to support UCI corresponding to unlicensed carriers on an LAA SCell is to offload the UCI from licensed carrier to unlicensed carrier in case the number of unlicensed carriers is far more than that of licensed carriers. Considering the number of supported UCI cell group is still limited to two, one cell group can be existing PUCCH cell group supporting licensed carriers and some unlicensed carriers with corresponding UCI on PCell PUCCH and another UCI cell group refers the UCI cell group supporting only unlicensed carriers on one or more SCells within the UCI cell group.
Proposal 1: The “UCI cell group” consists of only LAA SCells.
Since there may be several unlicensed carriers within the “UCI cell group”, one problem is which carrier can be used to transmit the UCI. During the e-mail discussion post RAN1#84bis meeting, UCI transmission on all the carriers within the UCI cell group is proposed by one company. The main argument is such method can increase the transmission opportunity for UL and avoid the ambiguity at eNB side. However, such method brings too much overhead compared to UCI transmission on one carrier and needs high transmission power at UE side. Furthermore, for UCI transmission on PUSCH, PUSCH performance is degraded due to a lot of PUSCH REs are punctured. So we need to decide which carrier within the UCI cell group can be used to transmit UCI. One alternative is eNB can dynamically select one unlicensed carrier from the UCI cell group and send an UL grant to UE to trigger PUSCH on that carrier. Upon reception of the UL grant, the UE shall transmit the UCI corresponding to the DL PDSCH in the unlicensed carriers within the UCI cell group on the PUSCH on the scheduled carrier. In this way, eNB can not only dynamically balance the load on one carrier but also fast select one unlicensed carrier with the best channel condition or least suffered interference based on UE-reported RSSI measurement.  
Proposal 2: eNB can trigger an UL grant to enable UE to transmit UCI on the scheduled carrier within the UCI cell group.

For UCI transmission on PUSCH on LAA SCell, one open issue is how UE determines the HARQ-ACK codebook size and synchronize the knowledge with serving eNB. In order to avoid the misunderstanding between UE and serving eNB, it is better for UE to generate HARQ-ACK for each subframe within the DL burst and transmit the HARQ-ACK to eNB in PUSCH. That is to say, HARQ-ACK codebook size can correspond to the DL burst length, i.e., the number of subframes within the DL burst including the initial partial subframe (if any). The problem is how UE can know the DL burst length. Although UE can detect the existence of one DL subframe by detecting CRS, this may lead to some error cases. Therefore, one method is eNB can indicate the burst length to UE. Since each DL burst may have different length, the generated HARQ-ACK codebook size may be changed burst by burst. 

Proposal 3: HARQ-ACK codebook size is indicated to UE in order to determine the HARQ-ACK codebook size and avoid the misunderstanding between eNB and UE.
Considering LBT is required for uplink transmission on unlicensed spectrum, it is also needed to perform LBT before UCI transmission on PUSCH on LAA SCell in order to achieve fair coexistence with other wireless systems on the same unlicensed spectrum. For UCI transmission on LAA SCell PUSCH in the MCOT acquired by eNB, it can use one-shot CCA at least with 25us; For UCI transmission on LAA SCell PUSCH outside the MCOT acquired by eNB, it can use LBT Cat.4 and the determination of contention window size should guarantee the ECCA procedure can be completed within one-symbol duration. In that sense, the UCI transmission reliability may not be severely impacted. 
On the other hand, considering the different importance for HARQ-ACK and CSI, different LBT schemes can be used. For HARQ-ACK, it is more important than CSI. If HARQ-ACK can not be transmitted to eNB due to failed LBT in uplink, DL performance loss will happen. In order to avoid this problem, it is better to allow multiple opportunities for a UE to transmit one HARQ-ACK feedback. For each transmission opportunity, the UE shall perform LBT for fair coexistence with other wireless systems. For CSI transmission, it can be dropped in case of failed LBT.
Proposal 4: HARQ-ACK transmission on LAA SCell can have multiple transmission opportunities for a UE to transmit one HARQ-ACK feedback.
3 Conclusion

In this contribution, we focus on UCI transmission issues on LAA SCell PUSCH and present our views. Based on the above analysis, we have below proposals:
Proposal 1: The “UCI cell group” consists of only LAA SCells.

Proposal 2: eNB can trigger an UL grant to enable UE to transmit UCI on the scheduled carrier within the UCI cell group.

Proposal 3: HARQ-ACK codebook size is indicated to UE in order to determine the HARQ-ACK codebook size and avoid the misunderstanding between eNB and UE.

Proposal 4: HARQ-ACK transmission on LAA SCell can have multiple transmission opportunities for a UE to transmit one HARQ-ACK feedback.
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