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1 Introduction

Due to LBT, 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. To relieve LBT blocking impact, the UE can be configured with longer DRX ON duration or shorter DRX cycle. However, it may result in unnecessarily high UE power consumption considering the uncertainty of channel access.
In this contribution, we will address this issue.
2 Discussion
To balance between UE power consumption and scheduling opportunities, 2 options were proposed by companies:

Option 1: DRX with wake up signal [3]. In this option, if gNB would like to schedule a UE in the next on duration, it will send a wake up signal in advance. If UE receives the wake up signal, it will wake up and monitor PDCCH during the next on duration period; Otherwise, it doesn’t wake up at the next on duration period.
Option 2: Adaptive DRX depending on whether the UE received a channel acquisition indication and/or DL data in an ON duration [1][2]. In this option, if a UE is scheduled for DL data during an ON duration, it can follow legacy behaviour; if the UE receives an indication that the network has acquired the channel without being scheduled for DL data, it can enter DRX sleep state when ON duration expires; if the UE receives neither a channel acquisition indication nor a PDCCH DCI, it may enter a new short DRX cycle. To further improve UE reachability, multiple short DRX cycle durations may be used and the UE may reduce the DRX cycle after each ON duration within which it doesn’t detect a transmission.
In our view, Option 1 seems based on the assumption that network will keep occupying the channel after sending the wake-up signal, otherwise it would be problematic since we still need to address the issue that the gNB is not able to acquire the channel during a UE’s ON duration even if WUS is successfully transmitted. However, such an assumption may be too strong to hold, given wake-up signal itself is subject to LBT, many opportunities way ahead of on duration might be required to ensure its successfulness of transmission, leaving less time for on duration considering the MCOT.
For Option 2, instead of sending channel indication signal ahead of on duration period, signal is sent whilst in on-duration period, thus enabling unified control of UE monitoring in one duration-- on-duration period. By using short DRX cycles, option 2 gives UE opportunities to non-continuously monitor PDCCH in case gNB cannot acquire the channel, and thereby reduced power consumption. One problem of Option 2 is that if the UE receives a channel acquisition signal close to the end of on duration period, UE has too little time left for PDCCH monitoring. If gNB needs to serve many UEs during this period (very likely the case, given long period of not being able to acquire the channel), it might well be the case that the UE cannot be served in that limited period.
The way to solve this problem is to enable UE to monitor for another period if channel acquisition indication signal received. This additional period can either be equal to on duration period or configured by gNB. After this period, UE goes to DRX off state. The idea is illustrated in Fig1.
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Fig 1 Monitor for another period when receiving channel acquisition indication signal
In fact, channel acquisition indication signal is quite useful not only for DRX, but also for many other procedures involving receiving window, e.g. RAR window, contention resolution window, HARQ retransmission window, all of those are suffering from LBT. And RAN1 has already agreed, in RAN1 AH1901 meeting, to introduce signal in PDCCH for detecting transmission bursts by gNB: 
· The UE may assume the presence of a signal, such as the DMRS in any [PDCCH or GC-PDCCH] transmission, to detect transmission bursts by the serving gNB, to enable power saving by not necessitating performing blind decodes to detect the transmission burst (Note: The power saving possibility by not necessitating blind decodes assumes performance relaxation for PDCCH decoding is not needed. Also, this does not mandate a two-step PDCCH decoding process for the UE with respect to DMRS detection).

· If a preamble transmitted at the start of a burst is agreed to be specified (this does not preclude usage of preambles by implementation), it may be used in addition to the DMRS of PDCCH/GC-PDCCH or any other signals in the gNB transmission to detect the start of transmission bursts by the serving gNB and potentially for power saving
· Note: Whether a preamble, if defined, can be used for power saving in all cases depends on the details of the design.
Proposal 1: To overcome the impact of LBT to power consumption, RAN2 to agree upon mechanisms based on channel acquisition indication signal (i.e. transmission burst detection signal in PDCCH introduced by RAN1) for optimization for cases e.g. DRX on duration, DRX retransmission window, RAR window, contention resolution window. And we aim at a unified solution for all the cases.
Proposal 2: If UE receives channel acquisition indication signal, UE monitors for an additional period.
3 Conclusions 
Proposal 1: To overcome the impact of LBT to power consumption, RAN2 to agree upon mechanisms based on channel acquisition indication signal (i.e. transmission burst detection signal in PDCCH introduced by RAN1) for optimization for cases e.g. DRX on duration, DRX retransmission window, RAR window, contention resolution window. And we aim at a unified solution for all the cases.

Proposal 2: If UE receives channel acquisition indication signal, UE monitors for an additional period.
4 References
[1] R2-1816780
TP on DRX for NR-U
InterDigital
[2] R2-1817181
DRX Procedure for NR-U
PANASONIC R&D Center Germany
[3] R2-1811627
DRX with short on-duration and Wake-up Signaling, Ericsson

1/3


On duration
Channel acquisition indication
Monitoring for another period



