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1
Introduction
At RAN#75, a new WI on further enhancements to unlicensed spectrum operation for LTE was approved in [1]. One of the objectives of the WI is to specify the support for multiple starting and ending positions for eLAA: 

· Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3. [RAN1, RAN2, RAN4]

· (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]

· The work item should also specify base station and UE core requirements to support the above features [RAN4]

In this contribution, we discuss possible enhancements to UL LAA operation to enable autonomous UL access, focusing especially on HARQ operation. 

2
HARQ process handling for Autonomous UL Access
Unlike licensed band operation, Rel-14 eLAA utilizes asynchronous HARQ operation also for the UL, where the eNodeB indicates the HARQ process ID in the UL grant scheduling a PUSCH transmission. We see that autonomous UL access should also utilize asynchronous HARQ operation, as due to DL transmission being subject to LBT, it would be hard to enforce a fixed timeline for any transmissions.

As UL grants are not used for scheduling AUL transmissions and the UE is in charge or choosing the HARQ process ID, there needs to be another way of ensuring that the eNode and the UE have the same understanding on the HARQ process used. We see that the simplest way is to indicate the HARQ process ID in the AUL UL transmission, signalled similarly as any uplink control information on PUSCH. Similarly, including the New Data Indicator (NDI) into the AUL transmissions can help in mitigating possible error cases. The exact UCI mapping can be FFS.

Proposal #1: UE selects the HARQ process ID and NDI for Autonomous UL transmissions.
Proposal #2: HARQ process ID and NDI are included into each AUL transmission. The exact UCI mapping is FFS.  
Another related question is the selection of the HARQ process ID. We envision that scheduled and autonomous UL transmissions can alternate dynamically, and therefore one needs to consider the interaction between the HARQ operation between these two modes. A problem unique to autonomous UL access is that the HARQ ID selection may be done simultaneously at the UE (for AUL transmissions) and at the eNodeB for scheduled UL transmissions. Due to the scheduling delay of n+4 (or more) subframes, it is possible that the UE and eNB might select the same HARQ process for a transmission, causing conflicts for retransmissions. Therefore, we see that some sort of segmentation for HARQ processes is needed, such that the network can ensure that the UE will not select the same HARQ-ID as the eNodeB intends to use. A practical way realizing this is to allow for RRC configuration of the HARQ-IDs allowed for AUL transmission. Knowing the subset of HARQ processes that the UE may use for AUL, the network can avoid any possible mismatch of HARQ IDs. However, the network can still have freedom in using any HARQ process for scheduled transmissions.

Proposal #3: HARQ process IDs used for AUL transmissions are RRC configured. This does not impose limitations to the HARQ-IDs used for scheduled UL transmissions.  

3
AUL retransmission
When the reception of initial autonomous UL transmission fails, the corresponding retransmission could be performed in two different ways (modes):
1. Mode 1: scheduled AUL retransmission
In this mode, the eNB will schedule with an UL grant PUSCH for retransmission of data transmitted previously with autonomous manner. The retransmission becomes more reliable and robust with the eNB control.
2. Mode 2: autonomous AUL retransmission
In this mode, autonomous PUSCH can be retransmitted autonomously on the AUL resources from the UE, if the previous transmission of the HARQ process failed. To support autonomous AUL retransmission, the UE should be able to indicate used HARQ-process ID, RV (unless it is fixed to e.g. RV0) and NDI to the eNB to facilitate data combining.

We can see that both modes should be supported to handle different situations based on ACK/NACK feedback. For example, the scheduled AUL retransmission could be used as default retransmission operation. The UE expects UL grant from the eNB to trigger retransmission. If the UE does not receive an UL grant but obtains a NACK for a AUL HARQ process from the eNB (if supported), the UE could attempt a retransmission of the HARQ process (with the same RV or increased RV) autonomously in AUL resource. Similarly, in absence of an HARQ-ACK feedback, the UE could retransmit the data after e.g. a predefined time, with the assumption that the eNodeB has failed the detect the previous transmission. 
Proposal #4: Both scheduled and autonomous AUL retransmission are supported.
As for AUL retransmissions, a related question is if explicit HARQ-ACK feedback from the eNodeB is needed (in addition to UL grants having NDI). In case of e.g. collisions, the eNodeB may miss an AUL transmission altogether, and cannot therefore schedule a retransmission. Autonomous retransmissions (based on e.g. some timer) can in principle avoid the need for additional explicit HARQ-Ack feedback, but also increase latency to some extent. Hence, introduction of low-overhead HARQ feedback signalling could be considered for the DL, utilizing e.g. a new DCI or PHICH-type of HARQ-Ack feedback.
Proposal #5: Consider introducing new low-overhead AUL HARQ feedback signalling, utilizing e.g. a new DCI or PHICH-type of HARQ-Ack feedback.
4
Summary

In this section, we summarize the observations and proposals made in this contribution:
Proposal #1: UE selects the HARQ process ID and NDI for Autonomous UL transmissions.
Proposal #2: HARQ process ID and NDI are included into each AUL transmission. The exact UCI mapping is FFS.  

Proposal #3: HARQ process IDs used for AUL transmissions are RRC configured. This does not impose limitations to the HARQ-IDs used for scheduled UL transmissions
Proposal #4: Both scheduled and autonomous AUL retransmission are supported.
Proposal #5: Consider introducing new low-overhead AUL HARQ feedback signalling, utilizing e.g. a new DCI or PHICH-type of HARQ-Ack feedback.
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