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1. [bookmark: _Ref165266342]Introduction
In RAN2#115-e, a CR on handling of “one-shot HARQ feedback” for NR-U was discussed and the following was captured in the Chair Notes:
R2-2108343	Start of DRX RTT timer for one-shot HARQ feedback    Qualcomm Incorporated    CR    Rel-16    38.321    16.5.0    1148    -    F    NR_unlic-Core 
-	[021] Rap: further discussion is needed to clarify whether something is needed (e.g. for the case of LBT failure, in case of numerical K1 etc) and decide whether the CR can be accepted or not.
[021] Postponed

In the existing specification, drx-HARQ-RTT-TimerDL is started when PDCCH indicates a DL transmission. In NR-U, the UE can also receive a PDCCH without any DL transmission, but which includes a “one-shot HARQ feeback” which triggers a Type-3 HARQ feedback.  
Rel-16 38.321 does not capture what the UE should do regarding DRX and HARQ RTT timer when it receives a “one-shot HARQ feedback” and transmit a Type-3 HARQ feedback.
In this contribution, we discuss several options and propose to go forward with one of them.
2. Discussion 
During the offline discussion in RAN2#115e [2], there was some confusion that the suggested changes were in regards to the non-numerical K1 scheduling and some companies pointed out this was already captured in 38.321. However, as we clarified during the meeting, the issue is not for that case but for UE receiving a Type-3 (one-shot) HARQ feedback also for numerical K1.
The UE behavior for Type-3 HARQ feedback is captured in TS 38.213 Section 9.1 as follows:
If a UE is provided pdsch-HARQ-ACK-OneShotFeedback and the UE detects a DCI format in any PDCCH monitoring occasion that includes a One-shot HARQ-ACK request field with value 1
· -	the UE includes the HARQ-ACK information in a Type-3 HARQ-ACK codebook, as described in clause 9.1.4
· -	the UE does not expect that the PDSCH-to-HARQ_feedback timing indicator field of the DCI format provides an inapplicable value from dl-DataToUL-ACK-r16
As seen above and also in TS 38.321 9.1.4 where the actual contents of the feedback is described, when the UE detects the DCI requesting one-shot HARQ feedback, the UE will include HARQ information for all the HARQ processes. For a HARQ process which has no ongoing transmission, the UE will send a NACK. Since this is not a real NACK for actual data, we will call it “dummy NACK” here in the paper. 
In MAC, drx-HARQ-RTT-TimerDL controls the the “minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity” after the UE sends the HARQ feedback. This timer is per HARQ process. After this timer expires, the UE starts the drx-RetransmissionTimerDL which controls for how long the UE should wait for a re-transmission. 
For Type 1 and 2 HARQ feedback, the UE starts drx-HARQ-RTT-TimerDL after sending the actual feedback. This is shown in the below excerpt from TS 38.321 Section 5.7:

1>	if a DRX group is in Active Time:
2>	monitor the PDCCH on the Serving Cells in this DRX group as specified in TS 38.213 [6];
2>	if the PDCCH indicates a DL transmission:
3>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
NOTE 3:	When HARQ feedback is postponed by PDSCH-to-HARQ_feedback timing indicating a non-numerical k1 value, as specified in TS 38.213 [6], the corresponding transmission opportunity to send the DL HARQ feedback is indicated in a later PDCCH requesting the HARQ-ACK feedback.
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
3>	if the PDSCH-to-HARQ_feedback timing indicate a non-numerical k1 value as specified in TS 38.213 [6]:
4>	start the drx-RetransmissionTimerDL in the first symbol after the PDSCH transmission for the corresponding HARQ process.
The above text does not include any UE behavior when it receives the one-shot HARQ feedback request since this was not discussed in RAN2 during Rel-16.
Observation 1: According to TS 38.213, the UE will include HARQ feedback for all HARQ processes when it receives a One-shot HARQ feedback request.
Observation 2: 38.321 is missing the UE procedures for DRX when the UE detects a DCI with One-shot HARQ feedback request.
One problem to solve here is when HARQ feedback is not sent due to LBT failure. In this case, the UE would not send a HARQ feedback. If the gNB then sends a One-shot HARQ feedback for this HARQ process, according to current Rel-16 specification, the UE will not start the RTT and subsequently retransmission timer. Therefore, the UE will not monitor DL and the gNB can not schedule a retransmission until the next DRX ON duration.
Observation 3: Not starting HARQ RTT timer for a Type-3 HARQ feedback will prevent HARQ retransmissions from happening until the next DRX ON duration.
As mentioned above, the UE will include “dummy NACK” with Type-3 HARQ feedback. However, this does not cause any adverse impact to the DRX and DL monitoring operation. 
A UE implementation is expected to sleep when drx-HARQ-RTT-TimerDL is running for a HARQ process and no drx-RetransmissionTimerDL is running for the other HARQ processes. Therefore, starting the timer for a process for which a “dummy NACK” is sent does not cause any restrictions on scheduling of the “active” HARQ processes.
Observation 5: Starting the HARQ DL RTT timer for a process with “dummy NACK” does not result in less time instances for monitoring PDCCH and thus should not impact DL scheduling flexibility. 
After RTT timer expires and the retransmission timer starts, the UE will need to monitor DL PDCCH if the packet is not decoded successfully per 38.321 5.7 as below:
1>	if a drx-HARQ-RTT-TimerDL expires:
2>	if the data of the corresponding HARQ process was not successfully decoded:
[bookmark: _Hlk85708484]3>	start the drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL.

For the HARQ process with dummy feedback, there was no transmission to begin with and thus drx-RetransmissionTimerDL will not be started. Therefore, there is also no additional DL monitoring.
Observation 6: Starting the HARQ DL RTT timer for a process with “dummy NACK” does not cause any unnecessary PDCCH monitoring.
We can list some options to handle One-shot HARQ feedback request with DRX:
· Option 0: No changes to Rel-16 (do not start drx-HARQ-RTT-TimerDL with Type-3 HARQ feedback)
· Option 1: Start drx-HARQ-RTT-TimerDL only for a single HARQ process.  
· Option 2: Start drx-HARQ-RTT-TimerDL for all HARQ processes.
· Option 3: Start drx-HARQ-RTT-TimerDL only for the “active” HARQ processes.
· Option 4: Start drx-HARQ-RTT-TimerDL only for the “non-active” HARQ processes.
· Option 5: Define separate drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDL for One-shot HARQ feedback.
With Option 0, since the UE does not start HARQ retransmission timer, it will not monitor DL until the next ON duration. Therefore, the gNB will have to wait until the next ON duration to schedule those retransmissions, which will incur additional latency. Furthermore, for NR-U, since LBT success is not guaranteed, it will be much better if the retransmissions can be done in the current instance where LBT is successful and there is an ongoing COT instead of waiting for the next ON duration which may fail LBT.
With Option 1, a single HARQ process is selected. One option is to select a HARQ process for which DRX RTT or retransmission timers is not running. To have the UE and gNB in-sync of the selection of the HARQ process when multiple are available, the UE can always select the one with the lowest HARQ process ID.
With this option, the UE may stop DL monitoring earlier than needed in some corner cases. For example, if the chosen HARQ process for the one-shot feedback request has ongoing data transmission, the UE will stop drx-RetransmissionTimerDL once it receives the DL data for this HARQ process. However, there could be other HARQ processes which may still need to wait for retransmissions. If their feedback were sent with the same Type-3 HARQ feedback, then the UE may miss their retransmission. This problem can be solved by gNB implementation by scheduling the re-transmissions for other HARQ processes before the process with the one-shot feedback request. 
One drawback of Option 2 is that re-starting the RTT timer for a HARQ process may not be optimal if, for example, the retransmission timer is already running for this process and the gNB is preparing a DL retransmission. However, this is not a big problem since the retransmission will only be delayed by drx-HARQ-RTT-TimerDL duration and our observation from field data is that most NWs set this to a very small value.
The idea behind Option 3 is that if the HARQ process is “active”, sending a new HARQ feedback should re-start the timers. For this, we first need to define what an “active” HARQ process is. One option could be if a HARQ timer (RTT or retransmission) is already running or this process, stopping a running retransmission timer may not be optimal for DL scheduling. RAN2 can discuss if there is a better way to define “active” HARQ process. For example, it can be defined as a process for which HARQ RTT or retransmission timers are NOT running.
The rationale of Optoin 4 is similar to Option 1 but extending it to all the possible such HARQ processes. If a HARQ timer (RTT or retransmission) is not running for a process, then Type-3 feedback should start these timers. The drawback of this option is that the UE may be running retransmission timers for HARQ processes where there is no expected retransmission and can thus waste some power. However, a good UE implementation can stop monitoring when it knows that there won’t be any retransmission for a HARQ process (e.g. with dummy NACK).
Option 5 was suggested by Ericsson and the idea is to define a separate RTT and retransmission timers separately for One-shot HARQ process and introduce new procedural texts. This definitely provides a clear separation. However, it requires more changes to the MAC.
RAN2 can further discuss these and other possible options and decide on a way-forward. We should also note that RAN1 has discussed enhancements to One-shot HARQ feedback where the DCI includes the set of HARQ processes for which the feedback is reported. Therefore, we can also attempt to make changes which are forward compatible.
Observation 7: Future enhancements to One-shot HARQ feedback may include signaling the set of HARQ processes for which feedback is sent.
Based on above, it would be good for RAN2 to discuss and make a decision on the Rel-16 UE behavior for Type-3 HARQ feedback.
Proposal 1: RAN2 to consier the below and possible other options and agree on a way-forward for Rel-16:
· Option 0: No changes to Rel-16 (do not start drx-HARQ-RTT-TimerDL with Type-3 HARQ feedback)
· Option 1: Start drx-HARQ-RTT-TimerDL only for a single HARQ process  
· Option 2: Start drx-HARQ-RTT-TimerDL for all HARQ processes
· Option 3: Start drx-HARQ-RTT-TimerDL only for “active” HARQ processes
· Option 4: Start drx-HARQ-RTT-TimerDL only for the “non-active” HARQ processes
· Option 5: Define separate drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDL for One-shot HARQ feedback
3. Conclusion
In this document, we discussed the handling of One-shot HARQ feedback request for NR-U and propose the following:
Observation 1: According to TS 38.213, the UE will include HARQ feedback for all HARQ processes when it receives a One-shot HARQ feedback request.
Observation 2: 38.321 is missing the UE procedures for DRX when the UE detects a DCI with One-shot HARQ feedback request.
Observation 3: Not starting HARQ RTT timer for a Type-3 HARQ feedback will prevent HARQ retransmissions from happening until the next DRX ON duration.
Observation 5: Starting the HARQ DL RTT timer for a process with “dummy NACK” does not result in less time instances for monitoring PDCCH and thus should not impact DL scheduling flexibility. 
Observation 6: Starting the HARQ DL RTT timer for a process with “dummy NACK” does not cause any unnecessary PDCCH monitoring.
Observation 7: Future enhancements to One-shot HARQ feedback may include signaling the set of HARQ processes for which feedback is sent.
Proposal 1: RAN2 to consier the below and possible other options and agree on a way-forward for Rel-16:
· Option 0: No changes to Rel-16 (do not start drx-HARQ-RTT-TimerDL with Type-3 HARQ feedback)
· Option 1: Start drx-HARQ-RTT-TimerDL only for a single HARQ process  
· Option 2: Start drx-HARQ-RTT-TimerDL for all HARQ processes
· Option 3: Start drx-HARQ-RTT-TimerDL only for “active” HARQ processes
· Option 4: Start drx-HARQ-RTT-TimerDL only for the “non-active” HARQ processes
· Option 5: Define separate drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDL for One-shot HARQ feedback
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5. Annex
TP for Option 1:
1>	if a DRX group is in Active Time:
2>	monitor the PDCCH on the Serving Cells in this DRX group as specified in TS 38.213 [6];
2>	if the PDCCH indicates a DL transmission or includes a One-shot HARQ-ACK request without scheduling PDSCH as specified in TS 38.213 [6]:
3>	start or re-start the drx-HARQ-RTT-TimerDL for the corresponding ongoing HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
NOTE 3:	When HARQ feedback is postponed by PDSCH-to-HARQ_feedback timing indicating a non-numerical k1 value, as specified in TS 38.213 [6], the corresponding transmission opportunity to send the DL HARQ feedback is indicated in a later PDCCH requesting the HARQ-ACK feedback. For One-shot HARQ-ACK request, the UE selects the HARQ process with lowest Process ID for which drx-HARQ-RTT-TimerDL or drx-RetransmissionTimerDL is not running as the “corresponding” one.
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
3>	if the PDSCH-to-HARQ_feedback timing indicate a non-numerical k1 value as specified in TS 38.213 [6]:
4>	start the drx-RetransmissionTimerDL in the first symbol after the PDSCH transmission for the corresponding HARQ process.

TP for Option 2:
1>	if a DRX group is in Active Time:
2>	monitor the PDCCH on the Serving Cells in this DRX group as specified in TS 38.213 [6];
2>	if the PDCCH indicates a DL transmission or includes a One-shot HARQ-ACK request without scheduling PDSCH as specified in TS 38.213 [6]:
3>	start or re-start the drx-HARQ-RTT-TimerDL for the corresponding ongoing HARQ process(es) in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
NOTE 3:	When HARQ feedback is postponed by PDSCH-to-HARQ_feedback timing indicating a non-numerical k1 value, as specified in TS 38.213 [6], the corresponding transmission opportunity to send the DL HARQ feedback is indicated in a later PDCCH requesting the HARQ-ACK feedback. For One-shot HARQ-ACK request, all HARQ processes are considered as “corresponding”. 
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
3>	if the PDSCH-to-HARQ_feedback timing indicate a non-numerical k1 value as specified in TS 38.213 [6]:
4>	start the drx-RetransmissionTimerDL in the first symbol after the PDSCH transmission for the corresponding HARQ process.

TP for Option 3:
1>	if a DRX group is in Active Time:
2>	monitor the PDCCH on the Serving Cells in this DRX group as specified in TS 38.213 [6];
2>	if the PDCCH indicates a DL transmission or includes a One-shot HARQ-ACK request without scheduling PDSCH as specified in TS 38.213 [6]:
3>	start or re-start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process(-es) in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
NOTE 3:	When HARQ feedback is postponed by PDSCH-to-HARQ_feedback timing indicating a non-numerical k1 value, as specified in TS 38.213 [6], the corresponding transmission opportunity to send the DL HARQ feedback is indicated in a later PDCCH requesting the HARQ-ACK feedback. For One-shot HARQ-ACK request, a HARQ process is considered as “corresponding” if drx-HARQ-RTT-TimerDL or drx-RetransmissionTimerDL is running for this HARQ process. 
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
3>	if the PDSCH-to-HARQ_feedback timing indicate a non-numerical k1 value as specified in TS 38.213 [6]:
4>	start the drx-RetransmissionTimerDL in the first symbol after the PDSCH transmission for the corresponding HARQ process.

TP for Option 4 (copied from Ericsson email on the reflector):

-     drx-RetransmissionTimerDL (one for One-shot HARQ-ACK request and one per DL HARQ process except for the broadcast process): the maximum duration until a DL retransmission is received;
-     drx-HARQ-RTT-TimerDL (one for One-shot HARQ-ACK request and one per DL HARQ process except for the broadcast process): the minimum duration before the drx-RetransmissionTimerDL is started a DL assignment for HARQ retransmission is expected by the MAC entity;
And
1>  if a drx-HARQ-RTT-TimerDL expires:
2>  if the drx-HARQ-RTT-TimerDL is for One-shot HARQ-ACK request:
3>  start the drx-RetransmissionTimerDL for One-shot HARQ-ACK request in the first symbol after the expiry of drx-HARQ-RTT-TimerDL.
2>  else if the data of the corresponding HARQ process was not successfully decoded:
3>  start the drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL.
…
1>  if a DRX group is in Active Time:
2>  monitor the PDCCH on the Serving Cells in this DRX group as specified in TS 38.213 [6];
2>  if the PDCCH indicates a One-shot HARQ-ACK request as specified in TS 38.213 [6] without a DL transmission:
3>  start or restart the drx-HARQ-RTT-TimerDL for One-shot HARQ-ACK request in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
3>  stop the drx-RetransmissionTimerDL for One-shot HARQ-ACK request.
2>  if the PDCCH indicates a DL transmission:
3>  start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
NOTE 3:  When HARQ feedback is postponed by PDSCH-to-HARQ_feedback timing indicating a non-numerical k1 value, as specified in TS 38.213 [6], the corresponding transmission opportunity to send the DL HARQ feedback is indicated in a later PDCCH requesting the HARQ-ACK feedback.
3>  stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
3>  if the PDSCH-to-HARQ_feedback timing indicate a non-numerical k1 value as specified in TS 38.213 [6]:
4>  start the drx-RetransmissionTimerDL in the first symbol after the PDSCH transmission for the corresponding HARQ process.
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