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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 Rel-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 RAN1#90bis, there were further related agreements:
Agreement:

· Only Asynchronous HARQ is supported for AUL
Agreement:

· Asynchronous AUL HARQ feedback and retransmissions are supported for AUL transmissions.
· Timing relationship between AUL transmission and corresponding UL HARQ feedback is not fixed 
· Timing relationship between UL HARQ feedback and corresponding retransmission is not fixed.
· NOTE : UE does not expect HARQ feedback earlier than 4 subframes after the corresponding AUL transmission 

Agreement:

· AUL downlink feedback information ("AUL-DFI") is specified to carry at least AUL HARQ feedback
· Bitmap with one HARQ-ACK-bit for each AUL-configured HARQ process per TB (FFS: whether spatial bundling is used)
· The HARQ feedback includes pending feedback for several uplink transmissions from the same UE.

· RV are not included in the AUL-DFI
· Align size of DFI with e.g. DCI 0A, or DCI 1C (FFS)
· Support transmission of AUL-DFI on unlicensed cell as well as any other scheduling cell
· AUL-DFI shall contain HARQ-ACK feedback for SUL transmissions using AUL-enabled HARQ IDs
· AUL is not allowed for SUL retransmission

· AUL-DFI includes a field indicating TPC for PUSCH (2 bits), applicable for both AUL and SUL transmissions

· e.g. applied similarly as TPC in DCI 3/3A in terms of timing

· FFS: RNTI for AUL-DFI
Agreement:

· Any HARQ process that is transmitted by SUL is not eligible for AUL retransmissions
· Applies to SUL first transmissions as well as for scheduled retransmissions of an earlier AUL transmissions of the same TB
· UE may only use such a HARQ process for AUL if the corresponding AUL-DFI indicated ACK
Agreement:

· Confirm the working assumption that both scheduled and autonomous retransmission are supported for AUL transmissions.

· Scheduled retransmission is triggered by: 

· Reception of UL grant indicating same HARQ process ID, same TBS, and NDI non-toggled.
· FFS: the UE behaviour in case of TBS mismatch 
· FFS: timing relationship between SUL retransmission grant and AUL-DFI 
· UE may autonomously retransmit after:

· Reception of NACK feedback via the AUL-DFI for explicit AUL HARQ feedback
· No indication is received from eNB (neither rescheduling UL grant nor AUL-DFI) for X subframes since the transmission of a given HARQ process
· FFS:  value of X
· FFS:  whether X is fixed or configurable
· Note: X is not related to CWS update procedure
Agreement:

· UE determines the HARQ process ID, NDI and RV for Autonomous UL transmissions.
· FFS RV sequence followed by the UE

Agreement:

· New UCI for AUL operation: 

· includes at least: HARQ ID, new data indicator, and redundancy version.

· FFS: CRC attachment and scrambling
· FFS: indication of UE specific ID

· is transmitted together with every PUSCH in AUL transmission.

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

2
AUL-DFI Details
In RAN1 #90bis there was an agreement to support AUL downlink feedback information ("AUL-DFI") to carry at least AUL HARQ feedback. There are a few related open issues, as also pointed out in the email discussion [90b-LTE-20].
AUL-DFI contents:

The agreement from RAN1 is to include into AUL-DFI at least a HARQ-ACK bitmap for all AUL-enabled HARQ-processes, as well as a 2-bit PUSCH TPC field. 

In addition to the bitfields already agreed, it can be also beneficial to include into the AUL-DCI MCS indication. This would allow for adapting the MCS(s) quite flexibly according to e.g. changing channel conditions. Additionally, in the case of UL TM2, also PMI could be included in the AUL-DFI. 
Furthermore, to avoid additional decoding attempts, it makes sense to align the size of the DCI carrying AUL-DFI with the one used for AUL activation/deactivation, and to use the same UE-specific RNTI (e.g. AUL-RNTI) for both. To facilitate this, a one bit flag could be added into the DCI to identify which purpose the DCI has. 
Proposal #1: Consider including MCS and PMI into the AUL-DFI
Proposal #2: The size of the DCI carrying AUL-DFI is aligned with that of AUL Activation/Deactivation DCI.  

Proposal #3: CRC of DCI carrying AUL-DFI is scrambled with AUL-RNTI.
· The same RNTI is also used for AUL activation /deactivation DCI 

Proposal #4: A one-bit flag is included into the DCI scrambled with AUL-RNTI to distinguish between AUL-DFI and AUL activation /deactivation.
HARQ-related Aspects of AUL-DFI:
A few of the HARQ-related aspects of AUL-DFI are still open. One question is the processing timeline for HARQ-feedback, i.e. what can the UE assume regarding AUL-DFI received in subframe n? To keep things simple, the logical choice is to assume normal HARQ-ACK processing timeline for AUL operation, i.e. AUL-DFI received in subframe n indicates the eNodeB’s HARQ status in subframe n-4. In other words, an AUL-DFI for a PUSCH transmitted at subframe n is expected at earliest in subframe n+4. The same timing can also be applied for other information in the AUL-DFI, such as TPC, MCS, etc.    

Proposal #5: A HARQ-ACK on AUL-DFI for a PUSCH transmitted in subframe n is expected at earliest in subframe n+4. The same timing is also applied for other information in the AUL-DFI, such as TPC, MCS, etc.      
3
AUL retransmissions
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. To be able to manage latency associated with autonomous retransmission, the network should be able to control the timer settings with sufficient flexibility. In our view, allowing for RRC configured timer X, with e.g. values of {10, 20, 30, 40} ms allows for this. 
Proposal #6: Retransmissions for AUL-PUSCH transmissions are allowed on AUL resources after X subframes. The value of X is configured with RRC from the set {10, 20, 30, 40} ms. 
Redundancy version for AUL retransmissions
Another open issue is which RV should the UE use for AUL retransmissions. It was already agreed in RAN1#90bis that the RV will be included into UCI transmitted along with AUL PUSCH. When that is the case, the selection of the RV could be left up to UE. 
Proposal #7: The sequence for selecting the RV for AUL retransmissions is not specified.
4
Summary

In this section, we summarize the proposals made in this contribution:
Proposal #1: Consider including MCS and PMI into the AUL-DFI

Proposal #2: The size of the DCI carrying AUL-DFI is aligned with that of AUL Activation/Deactivation DCI.  

Proposal #3: CRC of DCI carrying AUL-DFI is scrambled with AUL-RNTI.

· The same RNTI is also used for AUL activation /deactivation DCI 

Proposal #4: A one-bit flag is included into the DCI scrambled with AUL-RNTI to distinguish between AUL-DFI and AUL activation /deactivation.
Proposal #5: A HARQ-ACK on AUL-DFI for a PUSCH transmitted in subframe n is expected at earliest in subframe n+4. The same timing is also applied for other information in the AUL-DFI, such as TPC, MCS, etc.      
Proposal #6: Retransmissions for AUL-PUSCH transmissions are allowed on AUL resources after X subframes. The value of X is configured with RRC from the set {10, 20, 30, 40} ms. 

Proposal #7: The sequence for selecting the RV for AUL retransmissions is not specified.
References 
[1] RP-170848, “New Work Item on Enhancements to LTE operation in unlicensed spectrum”, Nokia, Ericsson, Intel, Qualcomm

[2] R2-1709967 “LS on RAN2 agreements on Enhancements to LTE operation in unlicensed spectrum “, RAN2
