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[bookmark: _Ref301342314]Introduction
Substantial progress was made on the Study Item on Licensed-Assisted Access (LAA) [1] in RAN1 WG #79 [2]. In this contribution, we discuss the implication of LAA operations on the UL HARQ protocol.
LTE UL HARQ Overview
[bookmark: _GoBack]In LTE uplink, the HARQ timing is synchronous, meaning that the timing between UL transmissions and the HARQ feedback in downlink as well as the timing between the HARQ feedback and retransmissions is fixed. In this way, there is no need to signal information such as HARQ process number, as this can be inferred from the transmission timing. 
When the UE receives an UL grant via PDCCH/EPDCCH for a new transmission (e.g. with NDI = 1 and RVI = 0) the UE will perform the PUSCH transmission 4 ms later. If the data was not correctly decoded by the network, the network will respond with an NACK on the PHICH in case the network wants the UE to perform the retransmission with another redundancy version, or send another PDCCH with UL grant with NDI = 1 in case no uplink transmission was detected, and the UE will perform a retransmission 4 ms later. If the data was correctly decoded after the retransmission, the network will respond with an ACK on the PHICH and may send a PDCCH with an UL grant with toggled NDI to trigger the UE to send the next data.
A timing example of one UL HARQ process is shown in Figure 1 below. It is shown that the opportunities for the network to control the UE and for the UE to respond are placed on a fixed grid. Each TTI is associated with a fixed specific HARQ process number.
[image: ]
[bookmark: _Ref410121996]Figure 1 Timing illustration of one synchronous UL HARQ process

Discussion on UL HARQ handling in LAA
For LAA operations in the unlicensed band, DL transmissions from the eNB can be subject to listen-before-talk coexistence protocol and maximum transmission duration limitation. With properly designed coexistence protocols, an LAA eNB can obtain proportionate chances to access the channel. However, obtaining channel access at a particular point in time may prove to be difficult under such protocol and behavior limitations, particularly in high load situations. This could cause problems for operation with self-scheduling on the unlicensed band which is desirable considering the large number of available carriers in the 5 GHz unlicensed bands. For instance, consider a case where the maximum transmission duration is 4ms. In this case, to provide an HARQ-ACK feedback at TTI n, the eNB shall attempt to obtain the channel access from TTI n-3 to n. The eNB will not be able to provide the HARQ-ACK feedback if it obtains the channel too early or too late. Furthermore, even if the eNB obtains the channel at TTI n-3, it may not necessarily have enough data to transmit to occupy the channel until TTI n. Therefore, following the synchronous HARQ protocol for LAA UL may cause problems for system performance and user experience.
In contrast to LTE UL HARQ, the LTE DL HARQ follows an asynchronous protocol, in which the retransmissions can occur at any time relative to the initial transmission. Additional explicit signalling is required for UL HARQ in LAA to indicate the HARQ process number to the receiver, so that the receiver can correctly associate each retransmission with the corresponding initial transmission. Such retransmission timing flexibility can be beneficial to LAA systems. 
To support asynchronous HARQ protocol for the LAA UL, the HARQ process number field should be included in the UL scheduling DCI. If the UE receives an UL grant with toggled NDI for an UL HARQ process, the UE shall adjust a new PUSCH transmission 4 ms later. If the UE receives an UL grant with untoggled NDI for an UL HARQ process, the UE shall adjust a PUSCH retransmission 4 ms later. In case the UE does not receive anything from the network the UE will interpret this as an ACK and will suspend the HARQ process, until further PDCCH communication from the network. If the network actually received the previous transmission, the network can send a UL grant with toggled NDI to indicate that a new transmission should be done. Or if the network did not correctly receive/decode the data the network can send a grant without toggling NDI to resume the HARQ process and adjust RVI.
For LTE UL, the UL grant delay has been set to 4 ms in Rel-8. This setting was selected based on the support of maximum cell size and UE processing capabilities at that time. Due to the output power limitations for operating in the unlicensed band [3], the LAA cells will be small. Moreover, UE processing power has increased exponentially since the LTE specs were initially written. Shorter delays (e.g., 2 ms) between UL scheduling and UL transmissions will allow better designs of the LAA coexistence protocols and enhanced system performance.
Another beneficial design to consider for LAA UL is multi-subframe scheduling from one LAA DL subframe (similar to subframe #1 or #6 in TDD UL/DL configuration #0). This can be very useful when the traffic is UL heavy and the eNB does not have enough DL data to hold the channel access long enough to schedule all the needed UL transmissions.
Conclusions
In this contribution, we discuss and provide our views on UL scheduling and HARQ operations for LAA.
Proposal: Study the benefits of introducing asynchronous HARQ protocol and multi-subframe scheduling for LAA UL operations. 
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