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1 Introduction
The objective of Rel-14 enhanced LAA work item is to specify UL support for LAA SCell operation in unlicensed spectrum [1]. The specification work shall be based on extending the LTE design and in particular the LAA design. The LAA design should allow fair coexistence between Wi-Fi and LAA and fair coexistence between different LAA systems. Coexistence measures should still allow efficient operation of all coexisting technologies. This shall be ensured by following the recommendations and conclusions from the TR on LAA and continuing to consider coexistence for the specification work [2]. To allow for an efficient design, the enhancements should reuse the features of LTE as much as possible. Forward compatibility should be taken into account so that support for dual connectivity can be specified without significant changes to the design. Duplication of work done in other LTE work items should be avoided.
The detailed objectives of the work item are to specify support for the following functionalities:

· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]

· If needed, specify support for PRACH [RAN1]

· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4]

· Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4, RAN1]

In RAN1#84 meeting, regarding the channel access mechanism for uplink transmission on LAA SCell, following agreements are made in [3]:
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 uplink waveform for PUSCH transmission on LAA SCell, following agreements are made:
Agreements:
· At least RB-level multi-cluster transmission (>2) is supported for eLAA PUSCH

· FFS: Detailed design

· FFS: Support of legacy resource allocation for PUSCH

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 this contribution, we focus on UCI transmission issues on LAA SCell, e.g., the necessity of supporting PUCCH, PUCCH/UCI transmission waveform, LBT scheme for UCI transmission, UCI position in a subframe and present our views.
2 Support of PUCCH on LAA SCell
As defined in carrier aggregation up to Rel-12, Uplink Control Information (UCI) is transmitted on the PUCCH of PCell which is operated in licensed spectrum. After the completion of Rel-13 Carrier Aggregation WI, one SCell can be configured to support PUCCH in addition to the PCell PUCCH. From the standard point of view, existing standard has already supported PUCCH transmissions on two serving cells. Therefore, it is straightforward and reasonable to extend the two-PUCCH mechanism to Rel-14 enhanced LAA, in order to support one PUCCH always transmitted on PCell in licensed spectrum and another PUCCH opportunistically transmitted on LAA SCell in unlicensed spectrum. In case that one LAA SCell in the unlicensed spectrum is configured with PUCCH transmission, LBT (Listen-Before-Talk) is always needed for the PUCCH transmission so as to guarantee the fair coexistence with Wi-Fi or other LAA systems. 
Supporting PUCCH on LAA SCell can also offload some UCI transmission from licensed spectrum to unlicensed spectrum. In this way, the problem of heavy load on PCell PUCCH can be solved to some extent. This is especially true considering the amount of unlicensed spectrum can be much larger than that of licensed carrier. For example, in a certain case, only one licensed carrier is aggregated with more than four unlicensed carriers. UCI transmission on unlicensed spectrum can be considered to alleviate the load of the licensed carrier. 

In addition, as mentioned in the scope of Rel-14 enhanced LAA, forward compatibility should be taken into account so that support for dual connectivity can be specified without significant changes to the design. In dual connectivity scenario, two-PUCCH transmission is supported. One PUCCH is transmitted on PCell to MeNB and another PUCCH is transmitted on pSCell to SeNB. Considering the scenario when SeNB is a small cell operating on unlicensed spectrum and MeNB is a macro cell operating on licensed spectrum, the feature of dual connectivity can be easily supported. Support dual connectivity expands the LAA deployment scenarios and thus it is very preferable to support it after the completion of Rel-14 LAA uplink design. Consequently, to guarantee the forward compatibility for supporting dual connectivity, PUCCH on LAA SCell in unlicensed spectrum should be supported in Rel-14 eLAA.

Furthermore, RAN1#84 meeting has already agreed to support transmission of HARQ-ACK and CSI for serving cells at unlicensed carriers on an LAA SCell. Assuming the UCI shall be transmitted in subframe n according to HARQ timing relationship, if PUSCH is scheduled for transmission also in subframe n, then it is natural to transmit the UCI piggybacked on PUSCH as Rel-8. It cannot be anticipated that there is always a PUSCH scheduled in the same subframe for UCI transmission. For UCI only transmission, a specific control channel is needed. On the other hand, considering LBT needs to be performed before any uplink transmission on unlicensed carrier, UCI only transmission can use one-shot CCA at least with 25us or LBT Cat.4 with smaller contention window size compared to that for PUSCH transmission in order to faster grab the channel for UCI transmission. Consequently, different LBT mechanisms or parameters may be configured for UCI only transmission and PUSCH transmission. An independent channel is necessary for standalone UCI transmission.
Based on the above analysis, we have the following proposal:
Proposal 1: PUCCH on LAA SCell is supported.
3 Design of PUCCH on LAA SCell
Wireless signal transmission on unlicensed spectrum should meet the requirements of regional regulations. Hence, the design of uplink waveform for PUCCH on LAA SCell should also meet the regulation requirements on unlicensed spectrum. The requirements mainly include two aspects: occupied channel bandwidth, i.e. the bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of declared Nominal Channel Bandwidth; and the maximum PSD (power spectrum density) with a resolution bandwidth of 1MHz. This implies that a signal which occupies a small portion of the bandwidth cannot be transmitted at the maximum available power at the UE due to the PSD and occupied bandwidth constraints. 
For legacy PUCCH waveform, slot based frequency hopping is used across the two edges of the system bandwidth. In each slot, only one PRB is occupied in the system bandwidth. It is questionable whether this legacy PUCCH waveform can satisfy the regulation requirements on the occupied bandwidth. Furthermore, considering the regulation requirements on transmission PSD, i.e., 10dBm/MHz, in each slot, legacy PUCCH can be transmitted with a maximum power of 10dBm. This may lead to the problem of coverage and reliability. Based on this, legacy PUCCH is not appropriate for transmission on unlicensed spectrum.
Same regulation requirements are also applied for PUSCH transmission on unlicensed spectrum. For PUSCH transmission on LAA SCell, RAN1 has already agreed that at least RB-level multi-cluster transmission (>2) is supported for eLAA PUSCH. An interlace-based transmission proposed in [4, 5, 6] can be seen as a promising waveform to meet the regulation requirements. In detail, the whole system bandwidth in term of the number of PRBs can be divided into several interlaces. Each interlace has a frequency span that exceeds 80% of the system bandwidth, which can satisfy the requirement on the occupied bandwidth. Meanwhile, the minimum distance between two adjacent RBs within one interlace is more than 1 MHz. So one PRB within one interlace can be transmitted with 10dBm power and maximum transmit power for one interlace is 20dBm. One example is shown in Figure 1 for 4-interlace partition.
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Figure 1: interlace-based waveform (4-interlace partition) 

Since the interlace-based waveform is quite suitable for uplink transmission on LAA SCell, it can be used for both PUSCH transmission and PUCCH transmission. In this way, it not only satisfies the regulation requirements for both channels but also make PUSCH and PUCCH multiplexing in same subframe easier (i.e. by allocating orthogonal interlaces). 
Assuming the interlace-based waveform is used for LAA PUCCH transmission, one problem needs to be solved is how to efficiently use the frequency resource of one interlace if it is only used to transmit one or two HARQ-ACK bits. For example, for a 10-interlace partition of a 20MHz bandwidth, one interlace includes ten PRBs, which provides obviously too much transmission resources for one or two HARQ-ACK bits. To improve the transmission efficiency of one interlace for PUCCH transmission, one method is to aggregate HARQ-ACK of multiple DL unlicensed carriers on one PUCCH. Another method is to multiplex multiple UEs’ UCI transmissions in one interlace by applying OCC in time domain. 

Based on the above analysis, we have the following proposal:
Proposal 2: Interlace-based waveform is used for PUCCH transmission on LAA SCell.
4 LBT scheme for PUCCH on LAA SCell

Considering LBT is required for uplink transmission on unlicensed spectrum, it is also needed to perform LBT before PUCCH transmission on LAA SCell in order to achieve fair coexistence with other wireless systems on the same unlicensed spectrum. For PUCCH transmission, it can use one-shot CCA at least with 25us or LBT Cat.4 with smaller contention window size. If LBT Cat.4 is used for PUCCH transmission, the determination of contention window size should guarantee that the ECCA procedure can be completed within one-symbol duration. In that sense, the PUCCH transmission reliability may not be severely impacted. 
For PUCCH and PUSCH multiplexed in a same subframe, one important issue is to synchronize the LBT for two channels in order to avoid the problem of earlier transmission of one channel leading to the failure of LBT for another channel. Firstly, the reservation signal is prohibited for both channels; secondly, the LBT procedures for both channels need to be completed within same duration, e.g., in one-symbol duration, regardless of same or different LBT schemes for both channels. In detail, there are three cases. Case 1: one-shot CCA at least with 25us is used for the two channels; Case 2:  LBT Cat.4 is used for the two channels; Case 3: one-shot CCA at least with 25us is used for one channel and LBT Cat.4 is used for another channel. In all the three cases, if LBT for the two channels are successful, the two channels have to start the transmission from the boundary of the symbol immediately following the symbol for LBT.
Furthermore, 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 cannot 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.
Based on the above analysis, we have the following proposals.

Proposal 3: One-shot CCA at least with 25us can be used for PUCCH transmission on an LAA SCell.
Proposal 4: If LBT Cat.4 is used for PUCCH, the determination of contention window size should guarantee  that the ECCA procedure can be completed within one-symbol duration.

Proposal 5: For PUCCH and PUSCH multiplexed in same subframe, the two channels should start the transmission from the boundary of the symbol immediately following the symbol for LBT.
Proposal 6: HARQ-ACK transmission on LAA SCell can have multiple transmission opportunities for a UE to transmit one HARQ-ACK feedback.
5 Conclusion

In this contribution, we focus on UCI transmission issues on LAA SCell, e.g., the necessity of supporting PUCCH, PUCCH/UCI transmission waveform, LBT scheme for UCI transmission, UCI position in a subframe and present our views. Based on the above analysis, we have below proposals:
Proposal 1: PUCCH on LAA SCell is supported.
Proposal 2: Interlace-based waveform is used for PUCCH transmission on LAA SCell.
Proposal 3: One-shot CCA at least with 25us can be used for PUCCH transmission on an LAA SCell.
Proposal 4: If LBT Cat.4 is used for PUCCH, the determination of contention window size should guarantee that the ECCA procedure can be completed within one-symbol duration.

Proposal 5: For PUCCH and PUSCH multiplexed in same subframe, the two channels should start the transmission from the boundary of the symbol immediately following the symbol for LBT.
Proposal 6: HARQ-ACK transmission on LAA SCell can have multiple transmission opportunities for a UE to transmit one HARQ-ACK feedback.
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