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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 RAN1#90 following was agreed related to HARQ-operation:

Agreement:
· Additional HARQ processes are not introduced for AUL transmission (i.e. AUL supports 16 HARQ processes just like Re-14 eLAA) 

· The HARQ process IDs allowed for AUL operation are UE specifically RRC configured
· All 16 HARQ-processes can be used for scheduled transmissions
Working assumption:
· Both scheduled and autonomous retransmission are supported for AUL transmissions.
Moreover, RAN2 made following agreements regarding autonomous uplink access:
Agreements:

1
Support UL skipping for AUL i.e. the UE should use AUL resources only when it has data to transmit and UE doesn’t have UL grant. FFS if a threshold is configured.

2
From a RAN2 point of view it is beneficial from spectral efficiency perspective to schedule multiple UEs on the same resources in some scenarios.

3
AUL can be configured at the same time in more than one uplink LAA serving cell.

4
FFS: Introduce an AUL activation/deactivation confirmation supporting confirmation of multiple SPS configurations on multiple serving cells.
Agreements:

1
The UE does not transmit on autonomous access resources when this subframe is used for DL transmission.

2
The UE does not transmit on autonomous access resources when an UL grant is received for the same TTI for the same cell case

3
From RAN2 perspective, autonomous access should not be used for retransmission of dynamically scheduled transmissions

Agreements

1
From RAN2 perspective, both new AUL transmission and retransmission can be performed via resource for autonomous uplink access.

2
Retransmission can be switched from autonomous uplink access to grant-based uplink access.

3
HARQ feedback for autonomous uplink access is supported. FFS: the details of HARQ feedback depends on RAN1.

4
FFS: A maximum number of retransmissions for autonomous uplink access is defined.

Agreements:

1
From RAN2 perspective, the HARQ protocol for the LAA autonomous uplink access should support asynchronous HARQ retransmissions similar to legacy LAA HARQ.

2
It is FFS, the UE behavior upon reception (or not reception) of an HARQ feedback.

Agreements:

1
MAC CEs are allowed to be sent via autonomous uplink transmission

2
If there is resource for both grant-based and autonomous transmission in a TTI for different cells, it is left to UE implementation whether MAC CEs are sent through grant-based or autonomous transmission

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
Firstly, RAN2 have agreed that “From RAN2 perspective, the HARQ protocol for the LAA autonomous uplink access should support asynchronous HARQ retransmissions similar to legacy LAA HARQ.”. We share the same view. It makes indeed great sense to retain the asynchronous HARQ operation standardized for eLAA UL also when autonomous UL access is applied. 

Proposal #1: Autonomous UL access supports asynchronous HARQ similar to Rel-14 eLAA.
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 transmissions 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. Moreover, inclusion of information about Redundancy Version (RV) can also be considered. The exact UCI mapping can be FFS.
Proposal #2: UE selects the HARQ process ID and NDI for Autonomous UL transmissions.
Proposal #3: HARQ process ID and NDI are included into each AUL transmission. The exact AUL-UCI mapping is FFS.  
3
AUL retransmissions
RAN2 have already agreed that, both new AUL transmission and retransmission can be performed via resource for autonomous uplink access, and that retransmission can be switched from autonomous uplink access to grant-based uplink access. This means that two following modes of operation shall be possible: 

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 as the eNB can by scheduling ensure that resource collisions will not occur.
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.

Scheduled AUL retransmissions could be used as the default retransmission operation. The UE expects UL grant from the eNB to trigger retransmission. As for autonomous retransmissions, two alternatives can be foreseen: 

Retransmission triggered by absence of HARQ-feedback or UL grants: 

In case of e.g. collisions, the eNodeB may miss an AUL transmission altogether, and cannot therefore schedule a retransmission. Autonomous retransmissions in principle avoid the need for additional explicit HARQ-Ack feedback. As an example, a timer of a few (tens of) subframes can be started after an AUL transmission for a given HARQ process. After the timer has expired, in absence of an UL grant of HARQ-ACK feedback for that HARQ process, the UE may assume that the eNodeB did not receive the HARQ feedback correctly and retransmit the data. Timer based autonomous retransmissions can in principle avoid the need for additional explicit HARQ-Ack feedback, but also increase latency to some extent. We see that this way of operation is necessary to mitigate errors associated with missed detection of AUL transmissions, that may occur e.g. due to colliding AUL transmissions. 
Proposal #4: Retransmissions for AUL transmissions are allowed on AUL resources after a predetermined time has passed. Timer details are FFS.
Retransmission triggered by explicit HARQ-ACK feedback (other than UL grants): 

If the UE does not receive an UL grant but obtains a NACK for an AUL HARQ process from the eNodeB, the UE could attempt a retransmission of the HARQ process (with the same RV or increased RV) autonomously in AUL resource. Two variants of this can be consider: 
Deterministic HARQ feedback associated with the AUL resources and timing: In this alternative, there is a predefined timing between the AUL transmission instance and the corresponding HARQ-ACK feedback, similarly as in legacy LTE operation with PHICH. We note that this approach does not match well the with unlicensed band operation and FS3, where Asynchronous HARQ is assumed and channel availability cannot be guaranteed at any point in time. Therefore, we do not see this as a feasible option for AUL operation.
eNodeB-triggered HARQ-ACK feedback: In this approach, the eNodeB can provide to the UE HARQ-ACK feedback for a number of HARQ-processes (e.g. all AUL HARQ-processes). This allows for the eNodeB and UE to get in synch with respect to their HARQ operation, even if some of the UE’s AUL transmissions go unnoticed by the eNodeB. The HARQ-information can be included into a UE-specific DCI, potentially with other AUL operation related information
In our view, considering the timing flexibility required for efficient operation on unlicensed spectrum, the latter approach is preferred. Therefore, we see that introduction of new, low-overhead signalling to facilitate HARQ-ACK feedback to the UEs should be considered. 
Proposal #5: Consider introducing a new low-overhead AUL HARQ feedback signalling mechanism.
4
Summary

In this section, we summarize the observations and proposals made in this contribution:
Proposal #1: Autonomous UL access supports asynchronous HARQ similar to Rel-14 eLAA.
Proposal #2: UE selects the HARQ process ID and NDI for Autonomous UL transmissions.
Proposal #3: HARQ process ID and NDI are included into each AUL transmission. The exact UCI mapping is FFS.  

Proposal #4: Retransmissions for AUL transmissions are allowed on AUL resources after a predetermined time has passed. Timer details are FFS.
Proposal #5: Consider introducing a new low-overhead AUL HARQ feedback signalling mechanism.
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