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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, and the design of the AUL-UCI. In this context, during the previous two RAN1 meetings the following agreements were made [2-3]:
	Agreements in RAN1 #90bis:

· 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

· 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.

Agreements in RAN1 #91:

· The same DCI size is used for AUL activation/deactivation and AUL-DFI 
· The same RNTI used to scramble the CRC parity bits of AUL-DFI is used to scramble the CRC parity bits of AUL (de) activation DCI.
· A flag to differentiate between AUL activation/deactivation and AUL-DFI is included into the “AUL DCI” 
· AUL-DFI does not include a field indicating MCS
· For a AUL-DFI received  in subframe n,   
· PMI (if included in AUL-DFI) in subframe n is applied after subframe n+3 
· TPC in AUL-DFI in subframe n is applied in the same way as if it had been received through DCI format 3/3A
· Default HARQ-ACK value in AUL-DFI is NACK.
Note: after the eNB has reported an ACK/NACK for a given HARQ process once, the HARQ-ACK is set again to the default value, NACK.
· AUL-DFI only transmission by eNB based on Rel-13 Cat-4 LBT priority class is supported.
· AUL retransmission timer is RRC configured.



In this contribution, we use AUL and SUL, as short for autonomous UL and scheduled UL, respectively, for simplicity.
HARQ for Autonomous Uplink Transmission 
The operation of SUL transmission in unlicensed spectrum is significantly degraded due to the double listen-before-talk (LBT) requirements at both the 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 section, the main focus is on providing our view on the remaining details in handling retransmission for AUL, as well as 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 the 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 HARQ RTT timer of the UE expires, 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. The value that the HARQ retransmission timer can assume can be the same as that for the drx-ULRetransmissionTimer, where the highest values could not be used to limit latency.
Proposal 1: If no AUL-DFI or UL grant are received from the eNB after an AUL transmission is performed, the UE performs autonomous retransmission after X ms starting from when the HARQ RTT times of the UE has expired. The value of X can be RRC signalled, and the values defined for drx-ULRetransmissionTimer can be reused.
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 the UE’s implementation while the 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 2: The RV sequence used for AUL transmissions is up to UE implementation.

AUL-DFI Aspects
     In the previous RAN1 meeting [3], it has been agreed that the same DCI size used for AUL activation/deactivation is also used for AUL-DFI DCI. As discussed in our companion paper [4], our preference is to reuse the bit field of DCI format 0A, which has a sufficiently long size to accommodate the fields required to be carried for both the activation/deactivation DCI and the AUL-DFI DCI. 
 In order to distinguish this new 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. 
While in the previous meetings, it has been agreed that MCS and RV information are not carried in the AUL-DFI DCI, the following fields can be included: a flag to differentiate between AUL activation/deactivation and AUL-DFI DCI (1 bit), a bitmap with one HARQ-ACK-bit for each AUL-configured HARQ process per TB, a field indicating TPC for PUSCH (2 bits), but also PMI. The remaining bits in the AUL-DFI DCI are zero padded.
 Proposal 3: AUL-DFI contains the bitmap for the HARQ-ACK feedback, TPC, PMI, and also an indication bit to distinguish the AUL-DFI DCI from the AUL activation/deactivation DCI. The remaining bits in the AUL-DFI DCI are zero padded.

Uplink control information
A UCI for AUL is transmitted together with every AUL PUSCH. While according to the current agreements, the AUL-UCI includes HARQ process ID, new data indicator, and redundancy version, the C-RNTI or AUL-RNTI for UE identification should be also included in each subframe to inform the eNB about this information, which otherwise should have been determined through blind detection. 
Proposal 4: The UCI in AUL PUSCH contains C-RNTI or AUL-RNTI of the UE, HARQ process ID, NDI, and RV for the current PUSCH. 
If the UE initiated MCOT can be shared with the eNB, the channel access priority class can be signalled within the AUL-UCI, as well as indication of the remaining available UL MCOT. The possible usage of the remaining channel occupancy time indication is further discussed in our companion paper [5].
Proposal 5: If the UE initiated MCOT can be shared with the eNB, AUL-UCI contains indication of the remaining MCOT, as well as the channel access priority class.
The UCI for AUL can be scrambled with a cell specific pre-defined value in order to reduce the eNB’s complexity to decode the AUL-UCI, since it cannot know the transmitting UE ID until it can decode the UCI. 
Proposal 6: The AUL-UCI is scrambled with a cell specific pre-defined value.
[bookmark: _GoBack]While both synchronous and asynchronous CSI feedback report is supported for SUL transmission depending on the transmission mode, the introduction of A-CSI for AUL PUSCH may introduce questionable performance benefits, and the overhead might be significantly increased. Furthermore, by optionally transmitting A-CSI on PUSCH AUL, the AUL-UCI will have different sizes, which increases decoding complexity, or might also complicate the UE procedure.
Proposal 7: A-CSI is not transmitted in AUL PUSCH.

In order to reduce the specification impact, the AUL UCI uses the same mapping as LTE-legacy UCI, and the CQI/PMI resources are used for AUL-UCI by rate-matching with the intended data within the AUL PUSCH subframe.  The number of resources used by the AUL-UCI are opportunely configured through higher layer signaling by the  factor. The determination of the MCS offset for AUL-UCI can be obtained by re-using Table 8.6.3-3. 
Proposal 8: The AUL-UCI is rate-matched with the data in an AUL PUSCH subframe, and uses the same mapping as LTE-legacy CQI/PMI. 

Conclusion
     In this contribution, we discussed some of the remaining HARQ aspects for autonomous UL access and made the following proposals:
Proposal 1: If no AUL-DFI or UL grant are received from the eNB after an AUL transmission is performed, the UE performs autonomous retransmission after X ms starting from when the HARQ RTT times of the UE has expired. The value of X can be RRC signalled, and the values defined for drx-ULRetransmissionTimer can be reused.
Proposal 2: The RV sequence used for AUL transmissions is up to UE implementation.
Proposal 3: AUL-DFI contains the bitmap for the HARQ-ACK feedback, TPC, PMI, and also an indication bit to distinguish the AUL-DFI DCI from the AUL activation/deactivation DCI. The remaining bits in the AUL-DFI DCI are zero padded.
Proposal 4: The UCI in AUL PUSCH contains C-RNTI or AUL-RNTI of the UE, HARQ process ID, NDI, and RV for the current PUSCH. 
Proposal 5: If the UE initiated MCOT can be shared with the eNB, AUL-UCI contains indication of the remaining MCOT, as well as the channel access priority class.
Proposal 6: The AUL-UCI is scrambled with a cell specific pre-defined value.
Proposal 7: A-CSI is not transmitted in any AUL PUSCH.
Proposal 8: The AUL-UCI is rate-matched with the data in an AUL PUSCH subframe, and uses the same mapping as LTE-legacy CQI/PMI. 
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