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[bookmark: DocumentFor]Introduction
At the RAN1 #84 meeting, the scheme of UCI transmission for unlicensed carriers and the necessity of introducing PUCCH to support the split UCI transmission were discussed. Following agreements were achieved about these two issues:
Agreements:
· [bookmark: OLE_LINK14]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
Regarding the open issues, in this contribution, we discuss the schemes of transmitting UCI for LAA SCells with and without the introduction of PUCCH on LAA SCell. Our views on the structure and channel access scheme of possible PUCCH or channel for UCI transmission are also shown.
Discussion on UCI transmission schemes for LAA SCell
In Rel-13 LTE CA framework, UCI transmission on SCell is performed in following cases: 
· In the case that secondary PUCCH group is configured, the two PUCCH groups work with independent control of simultaneous transmission of PUCCH and PUSCH. Within each PUCCH group, the same UCI transmission rule is adopted as with single PUCCH case.
· In the case that secondary PUCCH group is not configured:
· When the simultaneous transmission of PUCCH and PUSCH is allowed, the CSI feedback could be conditionally placed at the scheduled PUSCH on PCell/SCells.:
· At the same time, the HARQ A/N transmission of all serving cells locates at PUCCH.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]When the simultaneous transmission of PUCCH and PUSCH is not allowed, UCI transmission of all the serving cells locates at the scheduled PUSCH on PCell/SCells.
· Alternatively, if no PUSCH is scheduled, UCI transmission of all the serving cells locates at PUCCH.
Although above framework provides good flexibility for various deployment scenarios, it doesn’t take the features of unlicensed carriers into account and not aligned with current agreements on UL LAA. For example, when secondary PUCCH group is not configured and simultaneous PUCCH and PUSCH transmission is not allowed, UCI transmission of all the serving cells will be placed at PUCCH if PUSCH is not scheduled, which will cause much traffic burden on the PCell considering the probably great amount of component carriers in unlicensed spectrum. On the contrary, if the PUSCH is only scheduled on LAA SCells, HARQ ACK of serving cells at licensed carriers will be placed at this PUSCH, which is inconsistent with the agreement made at the last meeting. Therefore, enhancements on the legacy framework need to be considered. In this section, we split our discussion by assuming both PUCCH is and isn’t configured on LAA SCell.
· With PUCCH on LAA SCell
If LAA SCell is configured with PUCCH and LAA SCells are isolated as the secondary PUCCH group, it is a natural result that UCIs of licensed carriers and LAA SCells are clearly split into the groups and cannot go across different groups, as shown in Figure 1. The issues we need to consider in this case is, how to increase the possibility of successful UCI transmission even if LBT procedure has to be conducted in the LAA SCells.
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Figure 1 PUCCH on LAA SCell is introduced
When the simultaneous transmission of PUCCH and PUSCH on LAA SCells is enabled, different from Rel-13 eCA framework, as long as PUCCH is available, all the P-CSI should be transmitted with the PUCCH on LAA SCell no matter whether PUSCH on the other LAA SCell is scheduled or not. The illustration is given in Figure 2. This method is to protect the P-CSI transmission from possible loss due to LBT failure in LAA SCells other than PUCCH SCell, which should have higher channel occupancy possibility as explained in our companion contribution [3].
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Figure 2 Simultaneous PUCCH+PUSCH transmission is TRUE
When the simultaneous transmission of PUCCH and PUSCH on LAA SCells is disabled, the problem is UCI has to be transmitted with UL data if PUSCH is scheduled at specific subframe which means UCI will be lost with the same possibility as UL data. It is more reasonable to increase the success possibility of  UCI transmission. Therefore, different from Rel-13 eCA operation in which the UCI is only transmitted on the scheduled SCell with lowest cell ID, the UCI could be repeated across all the scheduled PUSCH on different LAA SCells, as shown in Figure 3. 
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Figure 3 Simultaneous PUCCH+PUSCH transmission is FALSE
· Without PUCCH on LAA SCell
If the PUCCH on LAA SCell is not supported or the PUCCH on LAA SCell is not configured, in order to alleviate the traffic load of PUCCH on PCell, UCI transmission of unlicensed cells on PUSCH on LAA SCell should be supported as well. On the other hand, on top of the current agreement that HARQ ACK for serving cells at licensed carriers on an LAA SCell is not supported, it is proposed that other UCIs for serving cells at licensed carriers should be restricted within licensed carriers as well to avoid inefficient transmission due to LBT failure. 
Moreover, there are some factors when we consider how to transmit UCI for serving cells at unlicensed carriers on the PUSCH on LAA SCell. The first factor is the traffic load of PUCCH. When the traffic load is really high, it is better to offload all the UCIs into LAA SCells. On the contrary, some of the UCI ingredient such as HARQ ACK of LAA SCell could be accommodated at PCell if its traffic load is low or medium. Secondly, the channel occupancy of LAA SCells should also be considered. For example, when the LBT results are always failure on LAA SCells, it is safer to transmit the UCI for serving cells at unlicensed carriers on the licensed carriers; otherwise, UCI transmission on LAA SCells is acceptable.
Based on the analysis above, in order to suit different situation by considering the related factors, it is proposed  that different UCI transmission modes should be indicated by eNB. As depicted in Table 1, on top of the UCI de-coupling of licensed carriers and unlicensed carriers, the UCIs of unlicensed carriers could be transmitted on licensed carriers in different extent.
[image: ]Table 1 UCI transmission modes

Another benefit of allowing UCI transmission of unlicensed carriers on PUSCH on LAA SCell by utilizing indication of different UCI transmission modes is, when the UE is in power limited mode, eNB still has the flexibility to protect some/all of the UCI of unlicensed carriers. Instead of scaling the power of secondary PUCCH group in separate PUCCH group case, which possibly leads to UCI transmission in vain, UE could be indicated to shift some of the UCIs of unlicensed carriers to licensed carriers with appropriate UCI transmission mode as long as the deterioration of the reception quality of the UCI for licensed carrier is acceptable at the eNB side.
Proposal 1:  UCI transmission on LAA SCell should be designed by assuming both the case with PUCCH and the case without PUCCH:
· With PUCCH on LAA SCell
· Enhancements on top of current UE behavior within one PUCCH CG should be introduced.
· Without PUCCH on LAA Scell
· Different UCI transmission modes for unlicensed carriers should be introduced.
Discussion on PUCCH transmission on LAA SCell
PUCCH design
In this section, first we would like to discuss whether PUCCH for eLAA is necessary or not considering the above analysis in Section 2. Even though PUSCH on LAA SCell and licensed cell can also be used for UCI transmission, possible benefits of supporting PUCCH for eLAA are described below.
· PUCCH for eLAA can be appropriately designed for UCI transmission which needs to be more robust than data transmission.
· Supporting UCI transmission over PUCCH on LAA SCell can reduce DL control overhead since PUCCH transmission on LAA SCell may be performed without UL grant or may be triggered by a few bits.
At the last RAN1 meeting, it was agreed that multi-cluster transmission is supported for eLAA PUSCH. In order to meet the European regulatory requirements on transmission bandwidth and power density while achieving sufficient coverage performance [1], basic PUCCH structure may be quite similar to that of PUSCH [2]. Considering the multi-cluster structure of PUCCH on LAA SCell and possible great amount of carriers in unlicensed spectrum, PUCCH format 4 and/or 5 are more suitable for eLAA and should be assumed as the baseline. Whether other PUCCH formats should be introduced or not could be considered with verified motivation.
After analyzing the pros and cons of UCI transmission for serving cells at unlicensed carrier with and without PUCCH on LAA SCell, it is beneficial to make the PUCCH configurable from the eNB side to suit for different scenarios.
CCA procedure
Since the UCI transmission should be more robust than data transmission, it is preferred that fast channel access mechanism is supported at least for UCI only transmission such as PUCCH [3].
Proposal 2: PUCCH on LAA SCell should be supported in Rel-14 eLAA:
· Multi-cluster transmission should be considered similar to LAA PUSCH
· PUCCH format 4/5 can be utilized as baseline, and the PUCCH on LAA SCell is configurable.
· Fast channel access mechanism is preferred at least for UCI only transmission such as PUCCH
Conclusion 
In this contribution, we have discussed on the UCI transmission schemes on LAA SCell and possible PUCCH design for eLAA UL. We made the following proposals. 
Proposal 1:  UCI transmission on LAA SCell should be designed by assuming both the case with PUCCH and the case without PUCCH:
· With PUCCH on LAA SCell
· Enhancements on top of current UE behavior within one PUCCH CG should be introduced.
· Without PUCCH on LAA Scell
· Different UCI transmission modes for unlicensed carriers should be introduced.
Proposal 2: PUCCH on LAA SCell should be supported in Rel-14 eLAA:
· Multi-cluster transmission should be considered similar to LAA PUSCH
· PUCCH format 4/5 can be utilized as baseline, and the PUCCH on LAA SCell is configurable.
· Fast channel access mechanism is preferred at least for UCI only transmission such as PUCCH
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