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1	Introduction
New WID on NR-based Access to Unlicensed Spectrum [1] has been approved in RAN#82, with “Potential enhancements to DRX considering channel access uncertainty” listed as one of the objectives. In this contribution, we would like to discuss some details related to DRX in the connected mode and provide our views. 
2	Discussion
In LTE and NR, DRX was introduced so as to make trade-off between UE power consumption and reachability. For DRX operation, a UE is configured with a set of DRX parameters to monitor PDCCH during the active time. The DRX configuration controls the active time in a cycle when the UE should monitor the downlink control channels to determine if it is being scheduled by the cell. For licensed access, the trade-off between reachability and UE power consumption is controlled by the network through timers such as onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer. For CA, a common DRX configuration per MAC entity is applied in both LTE and NR so that the MAC entity is provided with similar scheduling opportunity for each cell, i.e. the DRX UE needs to monitor PDCCH on all activated serving cells in the DRX active time.
However, for unlicensed access, there is no guarantee that the gNB can access the medium within the DRX ON duration due to LBT when it need transmit data to a DRX UE. The channel access failure would reduce the UE reachability within the DRX active time as the network has to wait at least another DRX cycle before being able to transmit data to the UE, which would increase the scheduling latency of UE in the unlicensed cell.
Observation 1: With the same DRX configuration, UEs may have less scheduling opportunities in unlicensed cell than in licensed cell due to LBT.
To achieve better balance between power saving and reachability for DRX UE on unlicensed cell, some enhancement mechanisms on DRX are proposed in the recent meetings for NR-U e.g. separate DRX configuration for licensed cells and unlicensed cells [2][3], DRX configuration adaption [4]. Herein, we provide our views on potential enhancements.
Separate DRX configurations between licensed cells and unlicensed cells
In LAA, separate DRX configurations between licensed cell and unlicensed cell have already been discussed. However, it has not been adopted finally based on the following considerations:
· In LAA, the PCell always operates in the licensed carrier and can ensure the scheduling opportunity for the DRX UE. In this case, there is no really an issue of the UE missing a scheduling opportunity during DRX ON duration. This is still the case for CA with licensed band scenario.
· If the active time of separate DRX configurations are not aligned, UE need frequently wake up to monitor the transmission of PDCCH. Compared to a common DRX configuration, this may lead to power consumption increased in some cases, or at least the advantage in terms of power consumption as compared to common DRX is not clear.
· Furthermore, separate DRX configurations would result in high complexity.
For NR-U, we can take the LAA as baseline for consideration of DRX enhancement in different deployment scenarios.
· NR-U LAA scenario: it is the same as the Rel-13 LAA scenario, so the separate DRX configurations for licensed and unlicensed is not necessary for NR-U LAA scenario.
Proposal 1: NR-U maintains the NR baseline approach of one common DRX configuration per MAC entity. 
DRX configuration adaption
For NR-U, the scheduling opportunity of a DRX UE in the active time may be blocked on the unlicensed band as the serving gNB can’t acquire the channel due to LBT. To reduce the scheduling latency due to LBT blocking, the UE can be configured with longer DRX ON duration/inactivity timer or shorter DRX cycle. However, reckless adjustment of DRX timer and cycle may result in unnecessarily high UE power consumption in consideration of uncertainty of channel access.
To balance between UE power consumption and scheduling opportunities, DRX configuration adaption is proposed in the recent meeting taking the channel occupancy into account on the unlicensed cell [4]. For this proposal, the gNB needs to transmit a channel acquisition indication to its UEs during their DRX active time if LBT is successful. Based on the detection of transmission from the gNB, the UE determines whether no DCI detection is due to LBT failure or lack of DL data. If the UE doesn’t receive either channel indication acquisition or PDCCH during an ON duration, it would adaptively adjust the DRX configuration by using a short DRX cycle or longer DRX duration so as to improve the UE reachability on the unlicensed cell. However, the following problem exists for the proposal:
· For this proposal, the gNB has to transmit a channel acquisition indication to a DRX UE in the active time, although there may be no data to be transmitted in the gNB. This operation would not only increase downlink transmission overhead, but also increase the DRX UE power consumption for blind detection of indication signalling. 
· A DRX UE expects the gNB to transmit a channel acquisition indication in every ON duration. If the UE receives neither a channel acquisition indication nor a PDCCH DCI, the UE would assume that this is due to LBT failure at the gNB and thus uses a new shorter DRX cycle or an extended DRX ON duration. Actually, the traffic arrival for a DRX UE in one cell is in an opportunistic manner. Even if the gNB doesn’t acquire the channel due LBT, it can’t deem that the UE will be certainly scheduled or have data transmission in next DRX cycle. However, more power consumption is foreseen for the UE when it uses a short DRX cycle or extended DRX ON duration. 
From the analysis above, it seems inefficient to adaptively adjust the DRX configuration based on transmission detection from the gNB in the sense of signalling overhead and power saving.
Proposal 2: In NR-U, the DRX functionality is based on the Rel-15 NR baseline approach. Adaptive DRX configuration adjustment based on gNB indication of channel acquisition is not introduced.
[bookmark: _Hlk536110248]If configuring longer OnDuration/Inactivity timer taking potential LBT into account is a concern for UE power consumption, one straightforward way could be to allow gNB to pause DRX operation when there is DL or UL data. It avoids the UE going to sleep (with inactivity timer expiry and even short cycle timer expiry) when the gNB is not being to acquire the channel, but still allows shorter timers to be used when there is no data. It aligns with the original design principle of DRX that the UE stays awake when there is data transmission ongoing, which is traditionally achieved by scheduling the UE and restarting the inactivity timer, but not necessarily possible anymore for NR-U with LBT. The gNB can send pause DRX command to the UE at the end of a MCOT when there is data. Currently only DRX Command to send the UE to sleep is defined but not the other way around. DRX MAC CE can be sent when there is no data left and it falls back to DRX on/off operation.
Proposal 3: It should be possible for the gNB to pause DRX operation to keep the UE awake.
3	Summary
In this contribution we have discussed the potential enhancement on DRX for NR-U and made the following observations and proposals:
Observation 1: With the same DRX configuration, UEs may have less scheduling opportunities in unlicensed cell than in licensed cell due to LBT.
Proposal 1: NR-U maintains the NR baseline approach of one common DRX configuration per MAC entity. 
Proposal 2: In NR-U, the DRX functionality is based on the Rel-15 NR baseline approach. Adaptive DRX configuration adjustment based on gNB indication of channel acquisition is not introduced.
Proposal 3: It should be possible for the gNB to pause DRX operation to keep the UE awake.
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