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Introduction
RAN1 agreed the following on HARQ retransmission from RAN1#90:
· 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
And from RAN1#91:

· AUL retransmission timer is RRC configured.

This contribution discusses some of the FFS and also provides additional discussion items on HARQ for autonomous uplink access
Discussion
AUL HARQ retransmissions
RAN 1 and RAN 2 already agreed that AUL retransmission can be AUL based or SUL based. 
For SUL based retransmission, the UE will receive a SUL grant for the corresponding HARQ process ID as the AUL transmission, with NDI set to non-toggled and the corresponding SUL resources. UE can then retransmit via SUL. Logically, this SUL grant has to be received by the UE before or on the same subframe of the HARQ feedback for the AUL (re)transmission (and the timer X is stopped) or before the timer X expires. Otherwise, the UE will performs retransmission on AUL. 
Observation#1: For UE to retransmit on SUL for the corresponding AUL transmission, the SUL grant must be received before or on the same subframe of the AUL HARQ NACK or before the expiration of timer X.
Based on the observation, if a SUL is to be used by the UE for a AUL retransmission, the DCI (indicating same HARQ process ID, same TBS, and NDI non-toggled) must be received before timer X expires, or before or in the same subframe of the HARQ feedback for the AUL (re)transmission. Otherwise, the DCI will be discarded.
Proposal#1: If a SUL is to be used by the UE for a AUL retransmission, the DCI (indicating same HARQ process ID, same TBS, and NDI non-toggled) must be received before timer X expires, or before or in the same subframe of the HARQ feedback for the AUL (re)transmission. Otherwise, the DCI (indicating the same HARQ process ID) will be discarded.
For AUL based retransmission, there are two conditions that trigger an AUL retransmission:
1. UE receives an explicit HARQ NACK for a HARQ process ID without uplink grant for SUL
2. eNB may missed an AUL transmission altogether, hence the UE will not get any AUL-DCI feedback. Based on RAN1 agreement, after the expiration of timer X, UE shall retransmit using AUL and discard any subsequent SUL associated with the same HARQ process
Based on the above, the following observation can be derived:
Observation#2: For UE to retransmit on AUL for an AUL HARQ process: 
· AUL HARQ NACK feedback without a SUL grant for the AUL HARQ process must be received before the expiration of timer X or
· Expiration of timer X
From the above two observations, we have two options when a valid SUL is received:
1) Stop timer X and let the SUL process takes over the rest of retransmission
2) Restart timer X  regardless of whether the retransmission of the AUL HARQ process is on AUL or SUL resources.
Option 1 allows reuse of the existing SUL process once a valid SUL is received. But it does not allow the network to be able to retransmit using AUL once a valid SUL is received. 
Option 2 allows network the flexibility to switch between AUL and SUL.
Our preference is option 2 as it provides additional options for the eNB.
Proposal#2: Timer X is started regardless of whether the retransmission of the AUL HARQ process is on AUL or SUL resources 
Starting position of timer X
From RAN2#100, we have the following agreement:
Add new separate RRC configurable timer X as follow:
· When Timer X starts is FFS
· Timer X is stopped if it received SUL grant or HARQ feedback with SUL grant for the retransmission
· UE shall not retransmit before the timer X stops/expires.
From RAN1#90, we have the following:
UE may autonomously retransmit after:
· Reception of NACK feedback via the AUL-DFI for explicit AUL HARQ feedback
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· 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

From the RAN1 agreement “since the transmission of a given HARQ process”, we can conclude that timer X should starts on the last repetition of the PUSCH transmission on AUL
 
Proposal#3: Timer X should starts at the last repetition of the PUSCH transmission on AUL

DRX mode
Also from the above observation, the timer X is quite closely related to the 2 DRX timers corresponding to a HARQ process below:
UL HARQ RTT timer: For each serving cell, in case of FDD configuration and in case of Frame Structure Type 3 configuration on the serving cell which carries the HARQ feedback for this serving cell the HARQ RTT Timer is set to 8 subframes. For each serving cell, in case of TDD configuration on the serving cell which carries the HARQ feedback for this serving cell the HARQ RTT Timer is set to k + 4 subframes, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback, as indicated in subclauses 10.1 and 10.2 of [2], and for an RN configured with rn-SubframeConfig [8] and not suspended, as indicated in Table 7.5.1-1 of [11].

drx-ULRetransmission timer: Specifies the maximum number of consecutive PDCCH-subframe(s) until a grant for UL retransmission is received. It is RRC configurable in unit of PDCCH subframes, range from 0 to 320 PDCCH subframes. According section 5.7 of 36.321, UE starts drx-ULRetransmission timer after the expiration of UL HARQ RTT timer.
Keep Timer X separate from the DRX related timers. 
	UL HARQ_RTT
drx-ULRetransmission

Timer X


The UE keep three timers:
· When DRX is not enabled, timer X run by itself
· When DRX is enabled, timer X and UL HARQ_RTT are both started on the last repetition of the PUSCH transmission on AUL
· During the time of UL HARQ_RTT, UE does not need to monitor PDCCH (like in legacy)
· At expiry of UL HARQ_RTT, the drx-ULRetransmission timer is started 
· Both Timer X and drx-ULRetransmission timer are stopped if it received SUL grant or HARQ feedback with SUL grant for the retransmission

Although a separate Timer X is introduced, in DRX operation, it would be desirable to align the time duration of UL-HARQ-RTT + drx-ULRetransmission and Timer X. Otherwise, the UE may delay retransmission over AUL unnecessary (if Timer X is longer than UL HARQ RTT + drx-ULRetransmission) or reduce the effective PDCCH scheduling opportunities  for retransmission over SUL (if Timer X is shorter than UL HARQ RTT + drx-ULRetransmission). One simple way is to restrict Timer X value same as UL HARQ_RTT + drx-ULRetransmission. 
Proposal#4:  Separate the DRX timers from timer x and their interaction is as follows:
· At the last AUL PUSCH (re)transmission, start the UL-HARQ-RTT and timer X
· During the time of UL HARQ_RTT, UE need not to monitor PDCCH
· At expiry of UL HARQ_RTT , the drx-ULRetransmission timer is started
· When UE receives SUL grant and/or HARQ feedback, UE will stop the timers and:
· If HARQ feedback NACK for the corresponding HARQ process without SUL grant is received,  the corresponding HARQ process retransmits at the next available AUL
· If SUL grant with DCI (indicating same HARQ process ID, same TBS, and NDI non-toggled) is received, perform the AUL retransmission based on the SUL grant received.
· When timer X  expires before receiving a SUL grant or HARQ feedback, the corresponding HARQ process retransmit at the next available AUL
· During drx-ULRetransmission timer running, similar to SUL retransmission, the UE monitors the PDCCH in the DL. 
Proposal#5: RAN2 discuss how to fully align Timer X value and UL HARQ_RTT and drx-ULRetransmission value when DRX is configured.  

Number of HARQ retransmissions
From previous discussion, RAN1 has agreed on a timer for AUL retransmission, but did not state how many times the retransmission can happens. 
From RAN2 99bis agreements:
HARQ retransmissions of a certain transport block shall avoid issues with the RLC reordering procedures. FFS on how to solve this issue.
There are two ways to limit the number of retransmission, one is the use of a counter, similar to synchronous HARQ that set a limit based on a configurable timer maxHARQ-Tx. Due to the asynchronous nature of AUL and all transmissions are subject to LBT, we believe a timer it more appropriate. When this AUL HARQ retransmission timer expired, the UE will flush the HARQ buffer. This timer should covers both retransmission due to HARQ NACK and no AUL-DCI for a HARQ process.
Proposal 6: Create an AUL HARQ retransmission timer to limit the number AUL retransmission. This timer should start after the first AUL transmission for a particular HARQ process. The value is FFS.
Conclusion and proposals
It is requested that RAN 2 agreed to the proposal below:
Proposal 1: If a SUL is to be used by the UE for a AUL retransmission, the DCI (indicating same HARQ process ID, same TBS, and NDI non-toggled) must be received before timer X expires, or before or in the same subframe of the HARQ feedback for the AUL (re)transmission. Otherwise, the DCI (indicating the same HARQ process ID) will be discarded.
Proposal#2: Timer X is started regardless of whether the retransmission of the AUL HARQ process is on AUL or SUL resources 
Proposal#3: Timer X should starts on the last repetition of the PUSCH transmission on AUL
Proposal#4:  Separate the DRX timers from timer x and their interaction is as follows:
· At the last AUL PUSCH (re)transmission, start the UL-HARQ-RTT and timer X
· During the time of UL HARQ_RTT, UE need not to monitor PDCCH
· At expiry of UL HARQ_RTT , the drx-ULRetransmission timer is started
· When UE receives SUL grant and/or HARQ feedback, UE will stop the timers and:
· If HARQ feedback NACK for the corresponding HARQ process without SUL grant is received,  the corresponding HARQ process retransmits at the next available AUL
· If SUL grant with DCI (indicating same HARQ process ID, same TBS, and NDI non-toggled) is received, perform the AUL retransmission based on the SUL grant received.
· When timer X  expires before receiving a SUL grant or HARQ feedback, the corresponding HARQ process retransmit at the next available AUL
· During drx-ULRetransmission timer running, similar to SUL retransmission, the UE monitors the PDCCH in the DL. 
Proposal#5: Proposal 5: RAN2 discuss how to fully align Timer X value and UL HARQ_RTT and drx-ULRetransmission value when DRX is configured.  
Proposal#6: Create an AUL HARQ retransmission timer to limit the number AUL retransmission. This timer should start after the first AUL transmission for a particular HARQ process. The value is FFS.
