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Introduction 
A new work item on ‘enhancements to LTE operation in unlicensed spectrum’ was approved in TSG RAN Meeting #75 [1]. The objective of the new WI from RAN1 perspective is twofold:
· Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3.
· (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
This contribution is on the second objective, especially on the HARQ aspects for autonomous UL (AUL) access. In this context, during the previous RAN1 meeting the following agreements were made [2]:
	Agreements:

· 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

· 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

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




In this contribution, we provide our view regarding the remaining FFS points in the above agreements. 
HARQ for Autonomous Uplink Transmission 
The operation of scheduled uplink (SUL) transmission in unlicensed spectrum is significantly degraded due to the double listen-before-talk (LBT) requirements at both eNB when sending the uplink grant, and at the scheduled UEs before transmission. In order to overcome this issue, the objective of this working item is to study, and support AUL, which has been found to be particularly beneficial when the eNB cannot acquire the TxOP to grant uplink transmission to its UEs.
 In this document, the main focus is on providing our view on the remaining details in handling retransmission for AUL, as well as on the remaining aspects related to the design of the AUL-DFI DCI.

Handling retransmissions
In an LAA system, if the UE does not receive any ACK/NACK indication from the eNB related to a previously performed AUL transmission of a given HARQ process ID, it is unable to assess either if the transmission was successfully received or if the eNB was unable to receive it, and consequently it will not be able to use/release that HARQ process ID in future. For this reason, a procedure that allows to prevent this deadlock status is introduced. In this matter, a new timer, which starts counting down soon after the UE finishes to perform the AUL transmission for an HARQ process, is introduced. This timer is used to trigger the retransmission, if the timer reaches a given value, which for flexibility can be configured among a set of values through RRC signalling, by interpreting this condition as the AUL transmission has not been successfully received by eNB. A suitable value for the timer shall exceed the RTT value, but should still be relatively short to limit latency. For these reasons, the value of the timer can be chosen among the following set: {10, 20, 30, 40} ms.
Proposal 1: If no AUL-DFI or UL grant is received from the eNB for an AUL transmission, the UE performs autonomous retransmission after X ms from when it has finished the preceding AUL transmission. The value of X can be RRC signalled, and can be chosen among the values provided in the following set: {10, 20, 30, 40} ms.

In the previous RAN1 meeting [2], it has been agreed that a SUL retransmission is triggered by the reception of an UL grant indicating the same HARQ process ID, and same TBS of the previous transmission, and NDI non-toggled. However, it has not been yet decided whether a GUL retransmission should be triggered or not when the UE receives the grant with a different TBS with NDI non-toggled. Since similar grant indication can be received if the UE has misinterpreted the NACK with the ACK for an earlier GUL or AUL transmission, and then performed AUL transmission, with the consequence that the buffer no longer contains the data related to the previous retransmission and has been flushed out, in this case the UE must ignore this UL grant.
Proposal 2: After an AUL transmission, if the UE receives an UL grant indicating non-toggled NDI, a different TBS, and the same HARQ process ID, this grant is ignored. 

Another remaining detail for the design of HARQ for AUL transmissions is the RV sequence that the UE follows when operating AUL transmissions. For AUL, following a similar methodology as that of legacy LTE, the choice of the sequence can be left to UE’s implementation, while eNB is signalled regarding the specific RV used through the AUL-UCI, which, as it has been agreed, has a specific field to carry the RV value. 
Proposal 3: The RV sequence used for AUL transmissions is up to UE implementation.

AUL-DFI Aspects
     An existing DCI format can be reused for the purpose of transmitting a bitmap for the AUL HARQ feedback in order to avoid increasing the UE’s blind detection overhead. Since the default value indicating ACK/NAK within the bitmap are disregarded by the UE, any values can be used as default values. In order to distinguish this DCI with the existing DCI formats that have the same size, a new RNTI can be introduced for the purpose of AUL, which is UE-specific. 
The DCI for AUL-DFI can include TPC and the bitmap for with one HARQ-ACK-bit for each AUL-configured HARQ process, but also the link adaptation information such as MCS, PMI, and RI. In order to distinguish the AUL-DFI DCI from the AUL activation/deactivation DCI, whose format is discussed in our companion paper [3], if both have the same DCI size, a new bit field needs also to be carried in the AUL-DFI DCI, i.e. ‘0’  for AUL-DFI DCI, and ‘1’ for AUL activation/deactivation DCI.
Proposal 4: AUL-DFI contains the bitmap for the HARQ-ACK feedback, TPC, PMI, RI, MCS, and an indication bit to distinguish the AUL-DFI DCI from the AUL activation/deactivation DCI, if both have the same DCI size.

During RAN1 #84bis meeting, a discussion regarding UL grant only transmission outside the UE shared MCOT was held, and in that occasion it was agreed [4] that:  
· UL grant only transmission by eNB based on Rel-13 Cat-4 LBT priority class is supported
Based upon this agreement, AUL-DFI only transmission outside the UE shared MCOT should follow the same principle.
Proposal 5: LBT for AUL-DFI only transmission by eNB follows Rel-13 Cat-4 LBT priority class.
Similarly as legacy LTE, the AUL-DFI is expected at the earliest after RTT from when an AUL PUSCH transmission takes place. If the AUL-DFI is received, then the content of the AUL-DCI, i.e. TPC, is updated as soon as the AUL-DCI is decoded, and the delay related to this is purely UE implementation based.
Proposal 6: AUL-DFI is expected at the earliest after 8 ms from when an AUL PUSCH transmission took place.

Conclusion
     In this contribution, we discussed some of the remaining HARQ aspects for autonomous UL access and made the following proposals:
[bookmark: _GoBack]Proposal 1: If no AUL-DFI or UL grant is received from the eNB for an AUL transmission, the UE performs autonomous retransmission after X ms from when it has finished the preceding AUL transmission. The value of X can be RRC signalled, and can be chosen among the values provided in the following set: {10, 20, 30, 40} ms.
Proposal 2: After an AUL transmission, if the UE receives an UL grant indicating non-toggled NDI, a different TBS, and the same HARQ process ID, this grant is ignored.  
Proposal 3: The RV sequence used for AUL transmissions is up to UE implementation.
Proposal 4: AUL-DFI contains the bitmap for the HARQ-ACK feedback, TPC, PMI, RI, MCS, and an indication bit to distinguish the AUL-DFI DCI from the AUL activation/deactivation DCI, if both have the same DCI size.
Proposal 5: LBT for AUL-DFI only transmission by eNB follows Rel-13 Cat-4 LBT priority class.
Proposal 6: AUL-DFI is expected at the earliest after 8 ms from when an AUL PUSCH transmission took place.
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