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1. Introduction
In RAN1 90bis meeting the followings were agreed regarding HARQ operation for AUL transmission (autonomous UL transmission) in LAA [1].
	<RAN1 90bis>

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 RAN1 91 meeting, the followings were agreed [2].
	<RAN1 91>
Agreement: 
AUL subframes are indicated to UE with an RRC-configured bitmap

Agreement:
AUL supports both TM1 and TM2

Agreement: 
For TM1, DCI format 0A is used for AUL activation / deactivation  
- FFS: whether to use DCI format 0A or 4A with TM2 (note: if DCI 0A is used, the contents will be redefined)

Agreement: 
The same DCI is used for activation and deactivation

Agreement: 
The same DCI size is used for AUL activation/deactivation and AUL-DFI 

Agreement: 
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.

Agreement: 
A flag to differentiate between AUL activation/deactivation and AUL-DFI is included into the “AUL DCI” 

Agreement: 
For TM2 with AUL, PMI and MCS for the 2nd CW are included into AUL activation / deactivation DCI [0A or 4A]

Agreement: 
UL DMRS Cyclic Shift and OCC can be indicated for an AUL user: 
FFS: UE specific RRC configuration or by using AUL activation / deactivation DCI.

Agreement: 
AUL transmissions are not allowed in the subframes belonging to the DMTC window of the serving cell irrespective of the RRC configured bitmap. 
FFS: RMTC

Agreement:
HARQ-ACK AUL-DFI for a PUSCH transmitted at subframe n is expected at earliest at subframe n+4. 

Agreement:
AUL-DFI does not include a field indicating MCS

Agreement:
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

Agreement:
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.

Agreement:
AUL-DFI only transmission by eNB based on Rel-13 Cat-4 LBT priority class is supported.

Agreement:
AUL retransmission timer is RRC configured.


Also in the email discussion after RAN1 91 meeting, the proposals 1-1, 2-1, 2-2a, 2-2b, 3-1, 3-2a and 3-2b below were agreed, where the other proposals (highlighted yellow) are still up to further discussion.
	Proposal 1-1: DMRS Cyclic Shift and Carrier Indicator Field (when present) are valid in the AUL activation DCI
· FFS: TPC
· FFS: what to do with the remaining bits in activation / deactivation DCI
Proposal 1-2: DCI 4A is used for activation / deactivation with TM2
Proposal 1-3: A new RNTI is defined for AUL activation/deactivation as well as AUL-DFI
Proposal 2-1: Spatial bundling is not applied in AUL DFI
Proposal 2-2a: For TM2, TPMI is included into AUL DFI
· The UE is not expected to receive a TPMI that changes the number of transmission layers
· FFS A-CSI
Proposal 2-2b: AUL-DFI is zero-padded to match the size of activation/deactivation DCI
Proposal 3-1: If AUL COT can be shared with the eNodeB, (at least) remaining COT is included into AUL-UCI
Proposal 3-2a: AUL is mapped to UCI the same way as CQI/PMI
· FFS starting symbol
Proposal 3-2b: A new beta offset parameter is defined for AUL-UCI:
Proposal 4-2a: Following new RRC parameters are defined:
· UE-specific starting position set for full-bandwidth AUL PUSCH within DL MCOT
· UE-specific starting position set for partial-bandwidth AUL PUSCH within DL MCOT
· UE-specific starting position set for full-bandwidth AUL PUSCH outside DL MCOT
· UE-specific starting position set for partial-bandwidth AUL PUSCH outside DL MCOT
· FFS: parameter values
Proposal 4-2b: Transmission Mode for AUL is RRC configured
Proposal 4-2c: Timing Advance for AUL is RRC configured


In this contribution, we discuss remaining details of the HARQ operation and control signaling for AUL transmission.

2. Further details of HARQ operation for AUL transmission
NDI and RV on AUL PUSCH
As for NDI and RV carried on AUL PUSCH configured with TM2, it is simple approach to follow eLAA implementation, that is, 1 bit independent NDI for each TB and 2-bit common RV for two TBs.
Proposal 1.  For TM2, UCI on AUL PUSCH carries 1 bit independent NDI for each TB and 2-bit common RV for two TBs.

COT information on AUL PUSCH
Depending on the further discussion on the AUL channel access, it may be allowed that a UE’s acquired COT for AUL transmission can be shared with eNB (and possibly, even with other UEs by eNB’s UL scheduling). For this purpose, UE has to indicate its remaining COT value with its AUL transmission. More specifically, starting subframe offset and the subframe duration for the remaining COT may be signalled via AUL PUSCH transmission.
Proposal 2.  Depending on the further discussion on the AUL COT sharing, information on the remaining COT may be carried on the PUSCH with AUL transmission.

LBT priority class information on AUL PUSCH
Depending on the further discussion on the AUL channel access, it may be allowed that a UE’s acquired COT for AUL transmission can be shared with eNB (and possibly, even with other UEs by eNB’s UL scheduling). For this purpose, UE has to indicate its LBT priority class so that eNB or other UEs can decide traffic of which priority class can be transmitted utilizing the remaining COT.
Proposal 3.  Depending on the further discussion on the AUL COT sharing, information on the remaining LBT priority class may be carried on the PUSCH with AUL transmission.

UCI mapping on AUL PUSCH
Regarding UCI (NDI, RV, HARQ ID, and possibly remaining COT and LBT priority class) mapping on AUL PUSCH, same principle with CSI piggyback on PUSCH can be applied, where beta offset value for AUL PUSCH is configured separately from SUL PUSCH.
Proposal 4.  UCI mapping on AUL PUSCH follows same principle with CSI piggyback on PUSCH where beta offset value for AUL PUSCH is configured separately from SUL PUSCH.

Collision of AUL transmission and scheduled UL transmission
Via RAN1 email discussion after RAN1 90bis meeting, it was discussed how to define a UE behavior when a UE has performed AUL transmission and the UE receives UL grant with the same NDI and HARQ process number but with different TBS afterwards.
In this case, if the UE drops the eNB’s UL grant and continues with its ongoing AUL transmission, eNB may also continue to transmit its own scheduled grant for the same HARQ process so that the collision situation may not be resolved quickly. Moreover, it is reasonable to give eNB a full command over AUL transmission as well as scheduled UL transmission. Therefore, a simple choice is to drop the UE’s ongoing AUL transmission.
Proposal 5.  When a UE has performed AUL transmission and the UE receives UL grant with the same NDI and HARQ process number but with different TBS afterwards, the UE drops the ongoing AUL transmission and follows the UL grant.

Interaction with 2-step PUSCH scheduling
In Rel-14 eLAA, 2-step PUSCH scheduling is introduced. That is, eNB can firstly book a PUSCH transmission for a HARQ process number of a specific UE with a valid time window by DCI format 0A/0B/4A/4B by setting ‘PUSCH trigger A’ field to ‘1’. Then within the indicated valid time window, eNB can trigger the PUSCH transmission by DCI format 1C with CC-RNTI by setting ‘PUSCH trigger B’ field to ‘1’. Since eNB can dynamically override HARQ processes configured for AUL transmission for a UE, interaction between the 2-step PUSCH scheduling and the AUL transmission should be defined clearly. In the technical point of view, it seems reasonable to override AUL transmission by 2-step scheduling since 2-step scheduling follows eNB’s dynamic scheduling decision while AUL transmission is configured semi-statically. 
Proposal 6.  When the UE is scheduled with a PUSCH transmission for a HARQ process number by DCI format 0A/0B/4A/4B with ‘PUSCH trigger A’ field set to ‘1’, the UE should not perform AUL transmission for the same HARQ process number until the valid time window for the PUSCH transmission expires.

3. Conclusion
In this contribution, we discussed the further details of the HARQ operation and control signaling for AUL transmission. The proposals of this paper are summarized as follows.
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