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1 Introduction

In RAN1#80 meeting, it has been discussed on physical layer options to support discontinuous transmission for LAA and made some progress on functions related to discontinuous transmission for LAA as the following [1].
	Agreements:

· Functions that can be supported by one or more signals to be transmitted from the beginning of a discontinuous LAA downlink transmission can include at least one of the following

· AGC setting

· Channel reservation

· Note: Transmission of the signal(s) may not be required 

· At least functions that may need to be supported for discontinuous LAA downlink transmission operation by one or more signals include at least one of the following

· Detection of the LAA downlink transmission (including cell identification)

· Time & frequency synchronization

· Other functionalities if necessary

· Note that it is not precluded the same signal is used for all above and possibly other functions

· The above functionalities can be supported by other methods (including assistance from licensed carrier)



In this contribution, we discuss how to handle DL/UL HARQ operation of data transmission on unlicensed carriers as one of issues related discontinuous transmission for LAA. 
2 Discussion on DL/UL HARQ operation
2.1 DL HARQ procedure
Firstly, one of DL HARQ issues is which serving cell/carrier would be used for HARQ-ACK feedback corresponding to PDSCH transmission on serving cell as SCell in unlicensed band. Basically, it seems reasonable to transmit HARQ-ACK of PDSCH transmission on SCell in unlicensed band to PUCCH on PCell in licensed band as existing CA specification.
Secondly, it should be addressed how to handle on a timing of HARQ-ACK transmission corresponding to PDSCH transmission on SCell in unlicensed band. In case of DL only LAA, since LAA SCell can be handled on DL only FDD subframe as legacy CA framework, it seems beneficial that the HARQ-ACK timing of PDSCH on LAA SCell follows PCell timing as existing CA specification is used without an additional specification impact.
· Observation 1: HARQ-ACK transmission/timing corresponding to PDSCH transmission on SCell in unlicensed band should be used as existing CA mechanism without an additional specification impact.

Lastly, according to current specification, PDSCH retransmission shall be performed on the same serving cell/carrier as initial transmission is used. However, in case of applying current legacy PDSCH retransmission mechanism on LAA SCell, the delay of the PDSCH retransmission would be quite long and the downlink throughput performance would also be degraded, due to the fact that it could not guarantee an availability of subframe for PDSCH retransmission on LAA SCell in unlicensed band as causing channel busy by LBT for co-existence with WiFi or other LAA system. Therefore, it should be further studied to consider scheduling the PDSCH retransmission to other serving cell on unlicensed band or one of serving cells on licensed band.
· Observation 2: It should be further investigated to consider scheduling the PDSCH retransmission to other serving cell on unlicensed band or one of serving cells on licensed band for LAA.
2.2 UL HARQ procedure
In LTE UL, there is a fixed timing relationship between UL grant and PUSCH transmission for both FDD and TDD according to a synchronous procedure, and also PUSCH retransmissions always occur at a pre-defined timing after HARQ feedback on PHICH since LTE UL adopts synchronous HARQ different from asynchronous DL HARQ procedure. 
In case that UE uses LBT mechanism for PUSCH transmission on unlicensed band for LAA, UE would perform CCA procedure on unlicensed band before transmitting PUSCH on a scheduled subframe. As a result, UE might not be guaranteed opportunities to transmit PUSCH at the scheduled subframe on unlicensed band due to busy channel by LBT. Also if legacy UL synchronous HARQ is used for LAA UL, PHICH shall be transmitted at a pre-defined timing on the same serving cell/carrier where UL grant is transmitted. However, since DL subframe to transmit PHICH at the pre-defined timing on the serving cell/carrier can be unavailable due to busy channel by LBT at eNB, the synchronous HARQ procedure would be disrupted and this may result in UL throughput degradation by a retransmission latency and inefficient UL transmission. 

In addition, from the perspectives of which the serving cell/carrier or timing should be used for PUSCH retransmission, PUSCH retransmission shall be also performed on the same serving cell/carrier as initial PUSCH transmission and the timing of PUSCH retransmission after receiving PHICH is also pre-defined. However, when LAA UL transmission follows legacy UL synchronous HARQ procedure, PUSCH retransmission has also an impact by LBT similar with the timing relation between PUSCH initial transmission and HARQ-ACK on PHICH. 
Therefore, more flexible scheduling/HARQ mechanism such as UL asynchronous HARQ procedure and UL retransmission across serving cells/carriers for avoiding inefficient UL transmission and reducing retransmission latency should be further considered and evaluated for LAA UL.
· Observation 3: More flexible scheduling/HARQ mechanism should be further considered and evaluated for LAA UL.
3 Conclusion
In this contribution, we discussed on DL/UL HARQ operation related issues and summarize our observation as a conclusion.
· Observation 1: HARQ-ACK transmission/timing corresponding to PDSCH transmission on SCell in unlicensed band should be used as existing CA mechanism without an additional specification impact.
· Observation 2: It should be further investigated to consider scheduling the PDSCH retransmission to other serving cell on unlicensed band or one of serving cells on licensed band for LAA.
· Observation 3: More flexible scheduling/HARQ mechanism should be further considered and evaluated for LAA UL.
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