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1  Introduction
Required functionalities and design targets for LAA-LTE were discussed in RAN1 78bis and the following agreements were made [1]
· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC

With LBT, clear channel assessment (CCA) is performed before transmission. If the received power exceeds a threshold, the channel is assessed to be occupied and the transmission cannot be performed until the channel is assessed to be idle. Therefore, for LAA-LTE, discontinuous transmission on unlicensed Scell with limited maximum transmission duration is an essential characteristic to be supported. However, this have an impact on the HARQ process for LAA-LTE. For example, HARQ retransmissions on the unlicensed Scell is prohibited as the eNB does not have retransmission opportunities. This could results in long retransmission latencies which are obviously not desirable. In this contribution, we discuss HARQ procedure for data transmission on unlicensed Scell. 
2   Discussion
Both DL HARQ and UL HARQ are discussed as follows.

DL HARQ

There are two issues related to DL HARQ. 
1. How to feed back ACK/NACK for PDSCH transmitted on the unlicensed Scell?
2. How to retransmit downlink data when the previous transmission is on the unlicensed Scell?
For the first issue, the current CA mechanism can be reused where ACK/NACK corresponding to PDSCH reception in unlicensed Scell is fed back through licensed Pcell. 
For the second issue, in the current CA framework, HARQ process is defined per component carrier such that retransmission can only occur at the same carrier as the initial transmission. If the data is transmitted on the unlicensed Scell, eNB is expected to retransmit data over the unlicensed Scell for receiving NACK from UE. However, in LAA scenarios, the transmission opportunity on unlicensed Scell cannot always be guaranteed, especially considering co-existence with other LAA-LTE or WIFI systems. If eNB cannot access the unlicensed Scell for a long period of time, it results in throughput degradation or retransmission failure. As a result, the existing HARQ functionalities is not adequate for LAA-LTE. To reduce the latency of retransmission, it can be considered to schedule the retransmission on the licensed Pcell/Scell or usable unlicensed Scell. Hence, cross-carrier HARQ can be introduced to allow retransmit data on the carrier which is different from the carrier where the initial transmission occurs.
Proposal 1: To reduce the delay of retransmission for unlicensed Scell, cross-carrier HARQ can be introduced in LAA-LTE.
UL HARQ
There are two issues about UL HARQ.

1. How to transmit PHICH? 
2. How to retransmit uplink data when the previous transmission is on the unlicensed Scell?
In LTE, the PHICH is transmitted on the same carrier as where the uplink grant is received and the timing for the transmission of PHICH is fixed after the transmission of PUCSH, e.g., 4ms for FDD. However, if the uplink grant is transmitted on the unlicensed Scell, eNB may not have opportunity to transmit PHICH on the same unlicensed Scell due to the characteristic of non-continuous time domain transmission. There are two possible methods to solve this problem. One is to use licensed Pcell/Scell to transmit PHICH for the PUSCH on unlicensed Scell. The physical resource used to convey PHICH is determined by the location of first uplink RB index and cyclic shift for DM RS and OCC index. To avoid the collision of the PHICH, eNB should properly choose the first uplink RB index and cyclic shift for DM RS and OCC index. Another method is to constraint the uplink grant for unlicensed Scell always transmitted on licensed Pcell/Scell through PDCCH/EPDCCH. However, both methods may encounter the problem of lack of PHICH physical resource.
Proposal 2: Methods for PHICH transmission for unlicensed Scell should be studied in LAA-LTE.
Regarding the retransmission of uplink data, UL HARQ process is defined per component carrier such that retransmission can only occur at the same carrier as the initial transmission. For the case of UL synchronous HARQ, PUSCH is retransmitted at a fixed timing after receiving NACK or uplink grant for non-adaptive or adaptive retransmission. However, considering non-contiguous time domain transmission and limited channel occupancy time, it is possible that there is no available unlicensed Scell for the retransmission of PUSCH. If the latency is not critical to some services, retransmission can be performed until the next access opportunity on the same unlicensed Scell. However, due to the co-existence with other LAA-LTE or WIFI systems, UE cannot access the unlicensed Scell for a long period of time, it results in throughput degradation or retransmission failure. Hence, for UL transmission in unlicensed Scell, asynchronous UL HARQ should be considered. Besides, to properly combine retransmitted PSUCH, HARQ process number can be introduced similar to DL asynchronous HARQ.
Proposal 3: Considering asynchronous uplink HARQ and HARQ process number can be introduced in the uplink grant for LTE-LAA.
3 Conclusion
In this contribution, we discuss HARQ for LAA-LTE and have the following proposals.
Proposal 1: To reduce the delay of retransmission for unlicensed Scell, cross-carrier HARQ can be introduced in LAA-LTE.
Proposal 2: Methods for PHICH transmission for unlicensed Scell should be studied in LAA-LTE.
Proposal 3: Considering asynchronous uplink HARQ and HARQ process number can be introduced in the uplink grant for LTE-LAA.
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