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1 Introduction

In 3GPP TSG RAN #70 meeting, the work item (WI) of “New Work Item on enhanced LAA for LTE” was approved for Release 14 study [1]. One objective within this work item is to specify support for PUCCH (if needed) on an LAA SCell using frame structure 3 as listed below. In RAN1 #84 meeting, the following agreements were achieved for uplink control information (UCI) support for eLAA [2]. 
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· If needed, specify support for PUCCH [RAN1]
Agreement:
· 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 provide general discussion on UCI transmission for eLAA. In addition, we discuss common issues for HARQ-ACK transmission on the eLAA SCell regardless of HARQ-ACK on PUSCH or PUCCH (if supported). PUCCH specific issues are discussed in the companion contribution [3]. 
2 General discussion for UCI transmission for eLAA
2.1 Support of PUCCH on eLAA SCell
In general, UCI is transmitted over PUCCH in the absence of PUSCH. In the presence of PUSCH, UCI (e.g. HARQ-ACK) is transmitted over PUCCH if the UE is configured for simultaneous PUSCH and PUCCH transmission. Otherwise UCI is transmitted over PUSCH if the UE is not configured for simultaneous PUSCH and PUCCH transmission.
When UCI is transmitted over PUCCH, there are two options can be considered for eLAA: 
· PUCCH is transmitted on licensed spectrum. 
· PUCCH is transmitted on unlicensed spectrum, excluding HARQ-ACK related to serving cells on licensed carriers. 
If PUCCH is transmitted on licensed spectrum, PUCCH performance as well as the strict timing to report UCI can be ensured, e.g. the timing between PDSCH and HARQ-ACK. On the other side, if PUCCH is transmitted on an eLAA SCell, LBT would be mostly needed for the PUCCH transmission due to the coexistence with other systems. This could result in unstable timing for the PUCCH transmission, especially for the HARQ-ACK related to eLAA SCells. From this aspect, PUCCH is preferable to be transmitted on licensed spectrum, e.g. PCell and PUCCH-SCell for eLAA.
One potential concern to make PUCCH only on the licensed spectrum is the UCI load issue. However as achieved in Rel.13 eCA, it was agreed that UE can be configured with a PUCCH-SCell. That means up to two serving cells on the licensed spectrum can be utilized to support PUCCH transmissions, which can be used for eLAA to alleviate the UCI load issue. 
Considering that PUCCH transmission on an eLAA SCell is not the only choice and also the limited time frame for the eLAA WI, we suggest that support of PUCCH transmission on an eLAA SCell should be of lower priority than support of PUSCH and SRS transmissions. 
Proposal 1: If support of PUCCH transmission on an eLAA SCell needs to be considered, it should be of lower priority than support of PUSCH and SRS transmissions for the eLAA WI. 
2.2 UCI on PUSCH
Following CA mechanism in the presence of PUSCH, if UE is not configured with simultaneous PUSCH and PUCCH transmission and if the UCI consists of periodic CSI and/or HARQ-ACK, UCI is transmitted on PUSCH of the SCell with smallest SCellIndex if this UE has no PUSCH transmission on PCell but has PUSCH transmission on at least one SCell. However LBT is generally needed for PUSCH transmission over the unlicensed spectrum. Therefore if LBT for the given SCell (i.e. the SCell with the smallest SCellIndex) fails, how to transmit the UCI should be considered. One straight way may be to allow UCI transmission over the PUCCH in the licensed spectrum as discussed above. But if at the same time, LBT for other SCells containing scheduled PUSCH for this UE succeeds, the scheduled PUSCH for other SCells should also be dropped since this UE is not configured with simultaneous PUSCH and PUCCH transmission. This would result in low UL throughput over the unlicensed spectrum. 

On the other hand, if UE is configured with simultaneous PUSCH and PUCCH transmission and if the UCI consists of periodic CSI and HARQ-ACK, HARQ-ACK is transmitted on PUCCH and the periodic CSI is transmitted on PUSCH of the SCell with the smallest SCellIndex if this UE has no PUSCH transmission on PCell but has PUSCH transmission on at least one SCell. In this case, even if LBT for the given SCell (i.e. the SCell with the smallest SCellIndex) fails, HARQ-ACK transmission can also be ensured due to PUCCH over the licensed spectrum. However the periodic CSI needs to be dropped. How to ensure this periodic CSI transmission may also need to be considered. 

For aperiodic CSI transmission on the eLAA SCell, it could totally reuse existing scheme. 

Proposal 2: UCI on PUSCH on the eLAA SCell should be supported. Rules for UCI on PUSCH on licensed band should be revisited for eLAA. 
3 HARQ-ACK transmission on eLAA SCell
In this section, we discuss common issues for HARQ-ACK transmission on the eLAA SCell regardless of HARQ-ACK on PUSCH or PUCCH (if supported), including HARQ-ACK timing, HARQ-ACK codebook determination and LBT. PUCCH specific issues, such as PUCCH waveform, PUCCH format, transmission mode and so on, are discussed in the companion contribution [3]. 
3.1 HARQ-ACK timing
For LTE systems on licensed band, HARQ-ACK timing is pre-determined in a semi-static way by both eNB and UE. Specifically, for FDD or FDD CA with FDD PCell, fixed PDSCH to HARQ-ACK interval of 4 subframes is used. For TDD or TDD CA with TDD PCell, PDSCH to HARQ-ACK interval of k subframes is used, where the value of k depends on the TDD configuration or the TDD CA configurations and k is not smaller than 4. However, for HARQ-ACK transmission on an eLAA SCell, the HARQ-ACK timing cannot follow the semi-static pre-determined rule as before. Firstly, eLAA would support flexible frame structure 3 where the number of DL and UL subframes could vary for every TxOP. Secondly, PUCCH transmission would normally follow the LBT rule, leading that PUCCH may not be transmitted in a certain subframe. 
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Figure. 1 HARQ-ACK timing for eLAA 
Although frame structure 3 with flexible configurations of DL and UL subframes is adopted on an eLAA SCell, and unstable HARQ-ACK timing may be led by the LBT for PUCCH transmission, a simple rule for the HARQ-ACK timing is still expected. Fundamentally, the minimum interval between PDSCH and the related HARQ-ACK should be kept as 4 subframes to reduce the complexity of both specification and implementation. With this restricted factor and also the flexible frame structure, both intra-TxOP and inter-TxOP HARQ-ACK transmissions related to the PDSCH transmission should be supported. As one example shown in Figure 1(a) and Figure 1(b), intra-TxOP and inter-TxOP HARQ-ACK transmissions are determined based on the simple rule of minimum interval of 4 subframes. Adapting to the flexible frame structure, the UE can determine the PUCCH subframe(s) based on signalling from eNB. For example, the common DCI in the end subframes of the DL burst can indicate the following UL and PUCCH subframes, in order to achieve highly efficient PUCCH resource multiplexing. 
Proposal 3: The minimum interval between PDSCH and the related HARQ-ACK should be kept as 4 subframes for HARQ-ACK transmission on an eLAA SCell. 
Proposal 4: The common DCI at the end of the DL burst indicates the following UL subframes and possible PUCCH subframes, and the UE determines the PUCCH subframe based on the timing rule of at least 4 subframes interval between PDSCH and the related HARQ-ACK. 
3.2 HARQ-ACK codebook size determination
For LTE systems on licensed band before Rel-13, semi-static HARQ-ACK codebook determination is used based on the configured set of carriers/subframes and pre-defined mapping order, and NACK is added for the carriers/subframes on which the UE does not receive the (E)PDCCH(s). Especially for semi-static codebook configuration for TDD, the mapping order in each carrier is based on the DAI fields in the DL_assignments within the pre-defined bundling window. For Rel-13 CA, except of the semi-static HARQ-ACK codebook determination with the straightforward extension from that before Rel-13, dynamic codebook configuration based on counter DAI and total DAI both in each DL_assignment was introduced, where the UE does not feedback the related HARQ-ACK to the unscheduled carrier/subframes within the pre-defined bundling window and the configured set of carriers/subframes. The counter DAI is set based on joint order of first carrier domain and then subframe domain, and the total DAI is set as the total number of scheduled carriers for FDD and the total number of scheduled carriers up to the present subframe within the bundling window. 
For HARQ-ACK codebook determination on the eLAA SCell, at least one option of the codebook determination should be supported wherein the HARQ-ACK codebook is based on the carriers/subframes (regardless on which the UE receives the corresponding DL_assignment or not) in the bundling window that is within one DL burst. One example is shown in Figure 2 for illustration. However, one fundamental difference from the existing semi-static codebook determination is that the bundling window size associated with the PUCCH subframe cannot be pre-defined, considering the flexible DL and UL configuration based on frame structure 3. Moreover, due to the discontinuous transmission on the eLAA SCell impacted by LBT, the UE should identify the starting and ending subframe of the DL burst, based on which the UE can determine the bundling window based on the simple timing rule as discussed in section 3.3. As concluded in Rel-13 LAA, the UE can determine the starting of the DL burst by detecting CRS and/or (E)PDCCH, and can determine the end of the DL burst by receiving the common DCI scrambled by CC-RNTI in last two DL subframes in the DL burst. However, one risk by using such a solution in Rel-13 LAA is that if the UE misses the CRS detection and/or the scheduled (E)PDCCH in the first subframe of the DL burst, the UE and eNB may not get the consistent understanding to the HARQ-ACK codebook related to the bundling window within the DL burst. Also note that the UE (e.g., UE1 in the Figure 2) may not be scheduled in the first subframe of the DL burst, and then many unusable NACKs would be added in the codebook of such a UE. Therefore, enhancement to achieve the robustness for the common understanding of the HARQ-ACK codebook is needed, e.g., assistance of the DAI field in each DL_assignment may be used. 
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Figure. 2 HARQ-ACK codebook determination for eLAA

Another option of codebook determination is only based on scheduled carriers/subframes in the bundling window that is within one DL burst. For this option, dynamic codebook scheme in Rel-13 CA by using the counter DAI and total DAI could be reused. However, one risk is that the last scheduled DL_assignment may be missed, especially for single eLAA carrier configuration, leading to inconsistent understanding to the HARQ-ACK codebook with the eNB. 

Proposal 5: HARQ-ACK codebook is associated with a bundling window within at least one DL burst. For a DL subframe within the bundling window, NACK is added in the codebook if the UE does not receive the corresponding DL_assignment in the DL subframe. 
· Enhancement to achieve the robustness for the common understanding of the HARQ-ACK codebook for the UE and eNB should be considered. 
Proposal 6: It is FFS whether to support the codebook determination only based on scheduled carriers/subframes in the bundling window within at least one DL burst. 
3.3 LBT scheme for UCI transmission

As agreed in RAN1 #84 meeting [2], LBT schemes based on category 4 and at least 25 us CCA are both supported. Therefore, PUCCH transmission on the eLAA SCell can work with the two LBT scheme, especially with at least 25 us CCA which could solve the inter-UE blocking and therefore achieve PUCCH multiplexing with high efficiency. Furthermore, higher priority LBT scheme such as LBT for LAA DRS alone transmission can also be considered. 
Proposal 7: PUCCH transmission on the eLAA SCell can work with LBT schemes based on category 4 and at least 25 us CCA. Higher priority LBT scheme such as LBT for LAA DRS alone transmission can also be considered. 
4 Conclusion
In this contribution, UCI transmission for eLAA is discussed. According to the analysis, the following proposals and observations were achieved.
Proposal 1: If support of PUCCH transmission on an eLAA SCell needs to be considered, it should be of lower priority than support of PUSCH and SRS transmissions for the eLAA WI. 

Proposal 2: UCI on PUSCH on the eLAA SCell should be supported. Rules for UCI on PUSCH on licensed band should be revisited for eLAA. 
Proposal 3: The minimum interval between PDSCH and the related HARQ-ACK should be kept as 4 subframes for HARQ-ACK transmission on an eLAA SCell. 

Proposal 4: The common DCI at the end of the DL burst indicates the following UL subframes and possible PUCCH subframes, and the UE determines the PUCCH subframe based on the timing rule of at least 4 subframes interval between PDSCH and the related HARQ-ACK. 
Proposal 5: HARQ-ACK codebook is associated with a bundling window within at least one DL burst. For a DL subframe within the bundling window, NACK is added in the codebook if the UE does not receive the corresponding DL_assignment in the DL subframe. 

· Enhancement to achieve the robustness for the common understanding of the HARQ-ACK codebook for the UE and eNB should be considered. 
Proposal 6: It is FFS whether to support the codebook determination only based on scheduled carriers/subframes in the bundling window within at least one DL burst. 
Proposal 7: PUCCH transmission on the eLAA SCell can work with LBT schemes based on category 4 and at least 25 us CCA. Higher priority LBT scheme such as LBT for LAA DRS alone transmission can also be considered.
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