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1 Introduction
In RAN1#84 meeting, PUCCH transmission on LAA SCell was discussed and the agreements were given as follow [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 show our views on UCI transmission for Rel-14 eLAA. 
2 Discussion
Supported UCI type on LAA SCell
UCI includes ACK/NACK, SR and CSI, whether supporting all the UCI type on LAA SCell should be considered at first. It was agreed that transmission of HARQ ACK and CSI for serving cells at unlicensed carriers on an LAA SCell is supported, but the frame structure on LAA SCell is not predefined, which means at the configured P-CSI reporting time, it can be an downlink subframe. Furthermore, it is possible that UE cannot grab the channel at the predefined time. Hence, periodically transmission of P-CSI and SR cannot be assured on LAA SCell. Considering that dual connectivity is not supported in eLAA, SR can be transmitted on licensed PCell and aperiodic CSI can be used instead of P-CSI, it is proposed that P-CSI and SR are not transmitted on an LAA SCell.
Proposal 1: P-CSI and SR are not transmitted on an LAA SCell.
Waveform of channel for UCI transmission
For UCI transmission on LAA SCell, the regulation requirement on unlicensed band must be fulfilled no matter PUCCH or PUSCH is used as transmission channel. Several options can be considered for the waveform of channel for UCI transmission.
Option 1: PUSCH
If PUSCH on unlicensed carrier is used for UCI transmission, the only difference with licensed carrier is that the PUSCH resource of the UE should meet the regulation requirement, e.g. the resource of PUSCH is RB level distributed in the whole bandwidth as discussed in [2].
Option 2: Modified PUCCH
Legacy PUCCH cannot be used on LAA SCell directly. To meet the regulation requirement, some small modifications should be made for PUCCH. E.g., repeating legacy PUCCH format 1/2/3 in multiple distributed RBs in frequency is a kind of solution, configuring multiple distributed RBs for PUCCH format 4/5 is another kind of solution.
Option 3: Shortened PUCCH format (S-PUCCH) 
Considering that S-PUCCH will be introduced in latency reduction, the similar structure can be used in eLAA [3]. Using S-PUCCH is benefit for eLAA since higher resource utilization can be achieved and a DL ending partial subframe can also be used for UCI transmission. Hence, shortened PUCCH format is proposed for LAA SCell.
Proposal 2: Following channel structure can be considered to transmit UCI on LAA Scell

· RB-level multi-cluster PUSCH

· RB-level multi-cluster PUCCH

· New shortened PUCCH format (S-PUCCH) with frequency distribution
Position of UCI in a subframe 
If S-PUCCH is used for UCI transmission on LAA SCell, it can be transmitted within a few number of OFDM symbols. Considering to support S-PUCCH transmission in an ending partial subframe,  the S-PUCCH should be transmitted at the ending position of a subframe. Furthermore, if SRS on LAA SCell is also transmitted in the last symbol of a subframe, whether and how to support multiplexing of S-PUCCH and SRS should also be considered.
Proposal 3: If S-PUCCH is used for UCI transmission, it should be transmitted at the ending position of a subframe.

LBT scheme for UCI transmission 
If S-PUCCH is used for UCI transmission on LAA SCell, no LBT can be considered if the interval between S-PUCCH and the DL burst is sufficiently small. This is similar to WIFI where ACK frame can be transmitted immediately following the DL data and without LBT. Otherwise, LBT schemes should be used and LBT category 2 can be considered since UCI is should be given higher channel access priority than UL data. If UCI is transmitted together with data on PUSCH, the LBT scheme used for PUSCH as discussed in [4] can be used.
Proposal 4: No LBT can be considered for S-PUCCH if the interval between S-PUCCH and DL burst is sufficiently small. 
HARQ timing for PDSCH
Since the frame structure of LAA SCell is not fixed with regard to DL/UL configuration, the HARQ timing for PDSCH cannot be predefined. The most simple and flexible way is indicating UE when to feedback ACK/NACK in DL grant. If LBT is not required for ACK/NACK, UE just transmit the feedback information at the indicated time. However, if LBT is required for ACK/NACK transmission, UE may not grab the channel for UCI transmission, thus the ACK/NACK feedback cannot be guaranteed on LAA SCell. 
One solution is that switching UCI to licensed PCell or LAA SCell where the channel was grabbed. In this method, the legacy PDSCH HARQ timing can be reused since the ACK/NACK can be fallback to the licensed Pcell in the worst case. However, the PUCCH resource for ACK/NACK feedback has to be always reserved on the licensed PCell in order to support such fallback transmission, therefore the PUCCH overload issue cannot be solved on the licensed carrier, only the potential inter-cell interference can be mitigated. 
Another solution is to defer UCI transmission if UE did not grab the channel on a LAA SCell for a subframe in which ACK/NACK needs to be transmitted. UCI is deferred on the same unlicensed carrier until the channel access succeeds. In order to control the HARQ feedback latency, the deferral should be limited within a predefined window. Continuous LBT procedure can be performed during the limited window such that the UE can have multiple opportunities to transmit UCI on LAA SCell. If the UE cannot grab the channel within the predefined window, the ACK/NACK feedback could be dropped. In this case, the actual ACK/NACK transmission subframe may be different with the indicated ACK/NACK transmitted subframe. How to align the understanding of eNB and UE on the ACK/NACK feedback timing should be further considered, e.g. PDSCH HARQ process number can be included in ACK/NACK feedback information. 
An example for UCI transmission defer is given below: 
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Figure 1: Example 1 for UCI transmission defer
As shown in figure 1, eNB transmit PDSCH to a UE in subframe n and subframe n+1, and indicate in DCI that UE should feedback in subframe n+4 for PDSCH in subframe n, feedback in subframe n+5 for PDSCH in subframe n+1. If LBT for subframe n+4 is failed, subframe n+4 cannot be used for ACK/NACK transmission and ACK/NACK for PDSCH of subframe n will be deferred. Then, if LBT for subframe n+5 is succeed, the following two options can be defined for UE behavior:
Option 1: UE transmit ACK/NACK for PDSCH of subframe n in subframe n+5 and transmitted ACK/NACK for PDSCH of subframe n+1 in subframe n+6;
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Figure 2: Illustration of option 1
Option 2: UE transmit ACK/NACK for PDSCH of subframe n and subframe n+1 in subframe n+5.
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Figure 3: Illustration of option 2
The main difference of above two options is that whether UE adjust the feedback window size and the corresponding ACK/NACK codebook size by LBT result.  
Proposal 5: UCI transmission defer should be considered for LAA SCell if UCI transmission is subject to LBT.
3 Conclusion
In this contribution, we discuss the issues for UCI transmission on LAA SCell. Some proposals are given below:
Proposal 1: P-CSI and SR are not transmitted on an LAA SCell.
Proposal 2: Following channel structure can be considered to transmit UCI on LAA Scell

· RB-level multi-cluster PUSCH

· RB-level multi-cluster PUCCH

· New shortened PUCCH format (S-PUCCH) with frequency distribution
Proposal 3: If S-PUCCH is used for UCI transmission, it should be transmitted at the ending position of a subframe.

Proposal 4: No LBT can be considered for S-PUCCH if the interval between S-PUCCH and DL burst is sufficiently small.
Proposal 5: UCI transmission defer should be considered for LAA SCell if UCI transmission is subject to LBT.
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