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Introduction
A work item on enhancements to LTE operation in unlicensed spectrum [1] was agreed in RAN #75 meeting to further enhance the LAA performance in Rel-15. One objective of the work item is 
· (Starting in RAN1#90): Study, and specify if needed, support for autonomous uplink access with Frame Structure type 3 considering solutions from the L2 latency reduction work item [RAN1, RAN2, RAN4]
In this contribution, we provide our views on HARQ design for autonomous uplink transmissions on LAA SCells.
[bookmark: _Ref178064866]Discussion
One foremost issue when AUL based on SPS feature is supported is the UL HARQ design. When SPS is activated, eNB proactively sends NACK on PHICH for the SPS resource until UL data has been decoded. The SPS HARQ design is based on synchronous UL HARQ. The data reception and the feedback transmission have a fixed time relation of 4 subframes. This design might work if the feedback is sent on the primary licensed carrier that is always available. Nevertheless, with the intention of overbooking the resources on the LAA unlicensed carrier, it is not clear how PHICH collisions can be avoided. On the other hand, the same design is not applicable for unlicensed carrier, first, PHICH is not available on LAA secondary cells, second, it highly utilizes the unlicensed channel, and third: this kind of synchronous behaviour with fixed timing between data transmission and feedback reception cannot be deployed on unlicensed channel due to uncertainty of channel availability.

AUL HARQ design should not follow the legacy SPS HARQ design that is based on PHICH  
In eLAA, any uplink transmission (new transmission or retransmission) is scheduled via UL grant through (e)PDCCH. This works well for scheduled access where the eNB is aware of UE buffer and every failed UL attempt. With autonomous UL, the eNB does not know when to expect an UL transmission. There is a chance that the UL transmission is missed by the eNB. In this case, the eNB will not request a retransmission. 
[bookmark: _GoBack]Scheduled transmission via UL grant through (e)PDCCH is not sufficient in case of AUL transmissions. 
UL HARQ Feedback 
When transmitting the HARQ feedback associated to the autonomous PUSCH, the eNB shall collect pending feedback. The pending HARQ feedback may potentially include feedback for several uplink transmissions.  The pending HARQ feedback is collected in a bitmap with an implicit association between the index in the bitmap and the HARQ process ID (for instance: 0  to indicate NACK, 1 to indicate ACK). The bitmap may also encompass the UL HARQ processes configured on multiple UL cells.
Two alternatives for UL HARQ feedback transmission are listed below: 
· Option 1: introduce a new DCI (A-DCI) on (e)PDCCH. A-DCI is UE-Specific and includes CRC scrambled with SPS- RNTI.
· Option 2: new DL physical control channel can be created for the purpose of sending HARQ feedback for uplink transmission.
Unlike (e)PDCCH, the new DL physical control channel can be designed in a way that feedback intended for different UEs are multiplexed in frequency domain using orthogonal codes. However, we acknowledge that given the limited time allocation for this WI, option 1 is easier to standardize.
Beside including the HARQ feedback, the new DCI may include MCS updates. Depending on the HARQ feedback, the eNB may need to update the MCS to cope with changes to the channel. Thereby, instead of sending UL SPS grant followed by UL MAC element for confirmation for the purpose of changing the MCS. The eNB may update the MCS faster by including an MCS field in the new DCI. 
One drawback of adding a new DCI on (e)PDCCH is possibly increasing the number of blind decodes. To overcome this issue, the new A-DCI should have the same length of existing DCI format (e.g. DCI 1A/0A). This yields a constant number of blind decodes for the UE in (e)PDCCH.
AUL HARQ feedback is sent using a new DCI (A-DCI) on (e)PDCCH.
a. A-DCI is UE-Specific and includes CRC scrambled with SPS- RNTI.
b. A-DCI reuses the length of existing DCI format ( e.g. 1A/0A)
c. A-DCI may be configured to include MCS updates.
Asynchronous HARQ Retransmissions
Asynchronous UL HARQ operation was considered beneficial for eLAA in particular when retransmissions are blocked and postponed due to LBT. AUL on SCell should inherit the use of asynchronous UL HARQ. Unlike scheduled UL, the HARQ process information in case of AUL are not indicated to the UE as in the scheduled UL. To resolve any ambiguity, the UE needs to inform the eNB in every AUL subframe about at least: HARQ process ID, new data indicator, and redundancy version. For further details concerning UCI, refer to our companion contribution [2].

Asynchronous AUL HARQ feedback and retransmissions are supported for AUL transmissions.
UCI of AUL transmission: 
d.  includes at least: HARQ ID, new data indicator, and redundancy version.
e. is transmitted together with every PUSCH in AUL subframe.
NACKs on A-DCI trigger autonomous retransmission. Upon receiving and decoding the feedback, the UE autonomously performs an asynchronous retransmission using the SPS resources. Additionally, the eNB may request adaptive retransmissions via dedicated grants.

HARQ retransmission for autonomous UL can happen through: 
f. Autonomous transmission upon NACK(s) on A-DCI 
g. Scheduled transmission indicated by a dedicated grant 
Introducing a timer can be beneficial to avoid UE waiting for eNB feedback that never comes due to mis-detection of AUL PUSCH, However, timer value should be set judiciously to avoid unnecessary new transmission attempts of the same HARQ process ID. Additionally, a UE may explicitly request HARQ feedback for the same purpose. the request can be sent via UCI. 

Timer is introduced for new transmission attempt if there is no DL activity at all, or if there is DL activity but no A-DCI, within X ms of AUL transmission
UE may explicitly request HARQ feedback by sending an indication on UCI. 

Contention window adjustment 
The contention window procedure specified for eLAA can be reused even if autonomous UL is enabled. The same contention window is shared between scheduled and autonomous UL transmission. The UE may receive feedback via A-DCI or a dedicated grant. The first subframe of UL burst that was transmitted at least 4 ms prior to the DCI in the most recent transmitted autonomous or scheduled burst of contiguous subframes that is transmitted after performing a category 4 LBT procedure is defined as the reference subframe. 
Channel access 
A-DCI can be transmitted within the shared MCOT or MCOT acquired by eNB itself. Shared MCOT concept gives a chance for the DL transmission to occur immediately after the uplink transmission, within the same MCOT and using a fast LBT (25us). 
For this to work, the UE implicitly or explicitly indicates to the eNB the remaining duration of the MCOT. Additionally, the UE can request the eNB to send HARQ feedback. Such a request can be used by UE to indicate for the eNB that it is expecting the HARQ feedback from the eNB immediately after the UL transmission within the same MCOT.  Both indications (remaining duration of the MCOT, and HARQ feedback request) are sent via UCI on PUSCH. Our companion contribution [2] includes more details about UCI.
Figure 1 shows an example on how the A-DCI is sent immediately after the UL transmission. The UE transmission includes a partial UL subframe or a large timing advance for the UL transmission to allow a gap for LBT before the start of the next DL subframe.  If LBT succeeds, the available DL HARQ feedback will follow immediately during the next subframe.
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Figure 1: UL followed by DL in a shared MCOT

A-DCI can be transmitted within a shared MCOT or MCOT acquired by eNB itself. 
UE may indicate to the eNB the remaining duration of the MCOT 
UE may explicitly request HARQ feedback. 

Conclusion
1. AUL HARQ design should not follow the legacy SPS HARQ design that is based on PHICH  
AUL HARQ feedback is sent using a new DCI (A-DCI) on (e)PDCCH.
a. A-DCI is UE-Specific and includes CRC scrambled with SPS- RNTI.
b. A-DCI reuses the length of existing DCI format ( e.g. 1A/0A)
A-DCI can be transmitted at the shared MCOT or MCOT acquired by eNB itself. 
UE may indicate to the eNB the remaining duration of the MCOT 
UE may explicitly request HARQ feedback. 

Asynchronous AUL HARQ feedback and retransmissions are supported for AUL transmissions.
UCI of AUL transmission: 
c.  includes at least: HARQ ID, new data indicator, and redundancy version.
d. is transmitted in every AUL subframe.
HARQ retransmission for autonomous UL can happen through: 
e. Autonomous non-adaptive transmission upon NACK(s) on A-DCI 
f. Scheduled adaptive transmission indicated by a dedicated grant 
Timer is introduced for new transmission attempt if there is no DL activity at all, or if there is DL activity but no A-DCI, within X ms of AUL transmission
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