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1. Introduction
In RAN1#adhoc, the following agreements were made and a new mechanism for DL data reception and HARQ feedback transmission is introduced [1].
	Agreement:
RRC parameter dl-DataToUL-ACK supports a value that can be signaled by PDSCH-to-HARQ-timing-indicator, which indicates that the UE needs to store the HARQ A/N feedback result for the corresponding PDSCH, and which does not provide any timing for the transmission of this HARQ A/N feedback result
Agreement:
For enabling multiple opportunities for HARQ A/N transmission and for cross-COT HARQ-ACK feedback, at least the following is supported:
· gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)


In RAN1#96 bis, the following agreement were made [2]:
	Agreement:
A non-numerical value is added to the possible range of PDSCH-to-HARQ-timing-indicator values defined in Rel-15, and is used to indicate to the UE that the HARQ-ACK feedback for the corresponding PDSCH is postponed until the timing and resource for the HARQ-ACK feedback is provided by the gNB.


Therefore in this contribution, we discuss some potential impacts on DRX based on the above agreements and provide our proposals. 
2. [bookmark: OLE_LINK9]DRX and DL HARQ feedback
2.1 Background
Based on the TS 38.321 [2], the MAC entity controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and TPC-SRS-RNTI. Some of RNTIs are dedicated RNTI while some are group-common RNTI. The MAC entity will monitor the PDCCH for all these RNTIs on all activated serving cell during Active Time. 
In Rel-15 DL dynamic scheduling, DCI addressed to C-RNTI includes a downlink assignment used to allocate PDSCH resource for DL data and a PUCCH timing allocation for HARQ feedback of the DL data. Similarly, for DL SPS, one DCI for activation includes both PDSCH allocation for DL data and PUCCH allocation for HARQ feedback.
According to RAN1 agreement [1], a new mechanism for DL data reception and HARQ feedback transmission is introduced.  Cross-COT (channel occupancy time) DL data reception and HARQ feedback transmission, i.e. separated DCIs for PDSCH allocation and PUCCH allocation is introduced, which can be applicable to both DL dynamic scheduling and DL SPS for NR-U. 
[bookmark: OLE_LINK10]Specifically, the first DCI is transmitted on a COT and includes a downlink assignment used to allocate PDSCH resource for DL data for dynamic grant and downlink resource activation for SPS. In addition, it also indicates that the UE needs to store the HARQ A/N feedback result for the corresponding PDSCH, and does not provide any timing for the transmission of this HARQ A/N feedback result, e.g. due to limited remaining time of this COT which cannot be used to transmit the HARQ A/N feedback of the DL data. Then, another DCI transmitted to UE is needed in order to share gNB COT and the second DCI is transmitted in this COT to indicate HARQ A/N feedback timing for the HARQ A/N feedback for DL data received by the first DCI. Based on the second DCI, the UE can share the gNB COT and a short LBT or no LBT is performed. For DL SPS, the network may needs to transmit the second DCI for HARQ feedback of each new transmission of DL SPS when the first DCI for activation does not provide any timing for the transmission of HARQ A/N feedback result. One example is showed in figure 1.


Figure 1: cross-COT between DL data reception and HARQ feedback transmission
As for RNTI which the first DCI and the second DCI is addressed to, it can be decided by RAN1. However no matter which  dedicated RNTI or group common RNTI is used, the next question is whether the MAC entity needs to control the UE's PDCCH monitoring activity for the DCI indicating HARQ feedback timing, i.e. the second DCI mentioned above or not. We believe it causes power consumption from the UE side when the MAC entity does not control the UE's PDCCH monitoring activity for the second DCI indicating HARQ A/N feedback timing. 
2.2  Cross-COT HARQ feedback indication and DRX
For dynamic DL scheduling and DL SPS, the following DRX operations are specified in TS 38.321 [3].
	1>	if a MAC PDU is received in a configured downlink assignment:
2>	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;
2>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
xxx
1>	if a drx-HARQ-RTT-TimerDL expires:
2>	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.
xxx
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;
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.


[bookmark: OLE_LINK13]Since we agreed Rel-15 NR is used as baseline, we believe the above text can be reused to NR-U. When PDCCH indicates a DL transmission (dynamic scheduling) or a MAC PDU is received in a configured DL assignment (DL SPS), the MAC entity can go to sleep due to stopping of drx-RetransmissionTimerDL and does not need to monitor the PDCCH during drx-HARQ-RTT-TimerDL is running in order to save the power if none of the other Active Time conditions to be satisfied. The drx-RetransmissionTimerDL is started after the expiry of drx-HARQ-RTT-TimerDL.
Observation: the MAC entity may be sleep during drx-HARQ-RTT-TimerDL is running to save the power when a downlink assignment is received.
2.2.1 Dynamic DL assignment
For DL dynamic scheduling, the first DCI is used to indicate a DL transmission. If the first DCI is received for dynamic scheduling or a MAC PDU is received in a configured DL assignment for DL SPS, the drx-RetransmissionTimerDL needs to be stopped, and the UE may go to  sleep and does not to monitor the PDCCH. Moreover, since the HARQ feedback is reserved and not transmitted for the DL assignment for the first DCI, HARQ RTT timer cannot be started. Consequently, drx-RetransmissionTimerDL cannot be started since its only starting condition is the expiry of HARQ RTT timer. This is illustrated with the following figure:


Figure 2, DRX operation and DCI with non-numeric K1
[bookmark: OLE_LINK11]Since for dynamic scheduling, the second DCI is only transmitted after the first DCI is transmitted, with non-running HARQ-RTT-timerDL and stopped drx-RetransmissionTimerDL, the UE can only wait for the other conditions for Active Time to be satisfied, which can be, for example, another DRX cycle. This will introduce unnecessary delays for the DL transmission and their feedback. 
To avoid the above issue, new mechanisms should be introduced to make sure the UE needs to monitor the PDCCH for the second DCI after the first DCI is received for dynamic scheduling or after a MAC PDU is received in a configured DL assignment for DL SPS.
Proposal 1: For dynamic scheduling, introduce a valid duration, during which the UE monitors PDCCH for DCI indicating HARQ feedback timing when a non-numeric K1 is received in the DCI.
When the first DCI is received for dynamic scheduling, there are two potential status on the second DCI reception during this valid duration: 
· Case 1: the second DCI successfully is received, and;
· Case 2: the second DCI is not successfully received, e.g. due to gNB LBT failure or DCI transmission/reception failure. 
We discuss these two cases separately in the following
For the first case that the second DCI is successfully received, since the UE is only expect to receive one second DCI, to save power, the UE can stop monitor the PDCCH for the second DCI when the corresponding the second DCI is received. One example is showed in figure 3.

 
Figure 3: successful PDCCH monitoring for the second DCI (case 1)
Proposal 2: The MAC entity stops monitoring the PDCCH with numeric K1 after the corresponding DCI with numeric K1.
For the second case, and the UE can stop monitor the PDCCH for this the second DCI if the corresponding the second DCI has not been received before end of this valid duration. After the end of this valid duration, the network may still schedule this UE for DL retransmission. Therefore the UE should keep awake for PDCCH monitoring for DL retransmission assignment for a moment. In that case the drx-RetransmissionTimerDL should be started after the end of this valid duration. When the drx-RetransmissionTimerDL expires the UE will go to sleep if there is none of another Active Time conditions to be satisfied. One example is showed in figure 4.

 
Figure 4: Un-successful PDCCH monitoring for the second DCI (case 2)
Proposal 3: The MAC entity stops to monitor the PDCCH for DCI indicating HARQ feedback timing after end of the valid duration.
[bookmark: OLE_LINK79]Proposal 4: drx-RetransmissionTimerDL should be started for DL retransmission after the end of valid duration.
2.2.2 Downlink SPS
While based on the RAN1 agreement, it is clear that non-numeric K1 can be included in the dynamic DL assignment, it is not so clear whether or not it can also be included in the activation for the DL SPS. From our view, the non-numeric K1 for the DL SPS can work as follows. 
· The network indicates non-numeric K1 in the SPS activation DCI, indicating that the UE should keep all the DL HARQ feedback with DL SPS transmission
· When receiving the DL SPS, the UE keeps the DL HARQ feedback
· When the UE receives DCI with numeric K1, it indicates all the stored HARQ feedback to the network. 


Figure, DL SPS with non-numeric K1
However, based on the RAN1 agreement, we are not sure whether K1 is also applicable for DL SPS. We propose to send an LS to RAN1 about this issue.
Proposal 5: Send an LS to RAN1 asking whether the non-numeric K1 can be applicable for DL SPS.
3. DRX with UL HARQ feedback
In TS36.321, when UL HARQ feedback (ACK or NACK) is received for HARQ process configured with AUL, the drx-ULRetransmissionTimer is stopped to save the power regardless of that PUSCH transmission is performed via configured grant or dynamic grant as below. 
	-	if the PDCCH indicates HARQ feedback for one or more HARQ processes for which UL HARQ operation is autonomous:
-	stop the drx-ULRetransmissionTimer for the corresponding HARQ process(es).


The reason is that
· For that MAC PDU is successful decoded, if ACK indication is received, retransmission will not be performed any more. In this case, the drx-ULRetransmissionTimer is stopped to save the power;
· For that MAC PDU is not successful decoded, the network can either send a dynamic uplink grant for retransmission or send a NACK indication for retransmission via configured grant transmission. When a NACK indication is received, retransmission will be performed for a HARQ process via configured grant in the next resource for configured grant transmission. Before the next resource for configured grant transmission, the network will not schedule this UE for retransmission of this HARQ process. In this case, the drx-ULRetransmissionTimer is stopped to save the power.
Based on the TR 38.889 [5], HARQ feedback for HARQ process configured with configured grant is introduced for NR-U, same as LTE FeLAA.
	The following modifications to the configured grant procedures are beneficial. 
-	Removing dependencies of HARQ process information to the timing. This can be achieved by introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID
-	Additional information fields can be considered to be included in the UCI, e.g. UE-ID, COT sharing information, PUSCH duration, etc.
-	It was identified that the resources utilized by the UCI, and multiplexing of UCI and data information of PUSCH require consideration of DMRS placement and starting and ending symbols of the configured grant based transmissions. Details on multiplexing UCI and data information of configured grant PUSCH can be determined when specifications are developed.
-	Introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission
========================================================================
UE may autonomously initiate retransmission for a HARQ process that was initially transmitted via configured grant mechanism for NR-unlicensed when it receives NACK feedback via DFI for the corresponding HARQ process.


For same motivation, i.e. power saving, the drx-RetransmissionTimerUL should be stopped when a HARQ feedback is received for HARQ process configured with configured grant transmission.
Proposal 6: drx-RetransmissionTimerUL should be stopped when a HARQ feedback is received for corresponding HARQ process with configured grant transmission.
3 Conclusion
In this contribution, we discuss some details related to DRX and we have the following observations and proposals:
Observation: the MAC entity may be sleep during drx-HARQ-RTT-TimerDL is running to save the power when a downlink assignment is received.
Proposal 1: For dynamic scheduling, introduce a valid duration, during which the UE monitors PDCCH for DCI indicating HARQ feedback timing when a non-numeric K1 is received in the DCI.
Proposal 2: The MAC entity stops monitoring the PDCCH with numeric K1 after the corresponding DCI with numeric K1.
Proposal 3: The MAC entity stops to monitor the PDCCH for DCI indicating HARQ feedback timing after end of the valid duration.
Proposal 4: drx-RetransmissionTimerDL should be started for DL retransmission after the end of valid duration.
Proposal 5: Send an LS to RAN1 asking whether the non-numeric K1 can be applicable for DL SPS.
Proposal 6: drx-RetransmissionTimerUL should be stopped when a HARQ feedback is received for corresponding HARQ process with configured grant transmission.
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