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In RAN2#105, following agreements related to DRX in NR-U were made [1].
In NR-U, DRX On-duration starts as in Rel-15 NR (except for potentially have a new switch trigger to go to short DRX). 
One DRX configuration for one MAC entity (no change)
FFS if DRX active time somehow be extended, or go to short DRX, by a non-data DL transmission (not WUS)

In this contribution, we discuss some details related to DRX and provide our view accordingly.
Discussion
In NR-U, UE monitors the signal for identification of DL COT. RAN1 is currently discussing initial signal design for detection of DL COT [2]. The agreement of this signal in RAN1 ad-Hoc 1901 is following [3].
	Agreement:
· 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.
· Note: Other signals present in the transmission burst may also be used for the purpose of detection of the transmission burst
· FFS: Potential enhancements to DMRS design to address issues with detection probability
· The payload of a PDCCH and/or GC-PDCCH transmission can contain information regarding COT structure that may be used by the UE for power saving 




The meaning of above is basically that the COT structure info can be carried by PDCCH (FFS whether normal PDCCH or GC-PDCCH but it is PDCCH). Then DMRS of the PDCCH can be used as an implementation for identification of DL COT to reduce the effort of the blind decoding. Additionally, RAN1 is currently discussing that DL COT signal can be possibly repeated within the COT. Hence, UE receives this PDCCH when serving cell succeed with CCA. How often PDCCHs and which PDCCHs are monitored would be different before and during the DL COT. Our understanding is that if UE receives PDCCH carrying COT signal, then UE is within the COT, if UE doesn’t receive this PDCCH, then at least from the UE perspective, it can assume that it is not within the COT. In addition, UE specific search space and related CORESET would be defined only within the DL COT.
In licensed case, on-duration is only related to UE specific PDCCHs for PDSCH/PUSCH assignment and not for common channels receptions. On the other hand, as described above, without knowing COT identification, the reception of UE specific PDCCHs for PDSCH/PUSCH assignment would not be carried out in order to reduce the number of blind detections (This is to be discussed in RAN1 further). In order to save UE power consumption, the mechanism how often and how long UE receive the signal for the detection of DL COT is necessary. RAN2 agreed that, in NR-U, UE starts on-duration same as in licensed case which implies UE’s on-duration starts regardless of whether gNB has occupied the DL COT. Therefore, we propose UE receives the PDCCH for the DL COT identification during on-duration even if this PDCCH is not for unicast PDSCH/PUSCH assignment.
Proposal 1: In NR-U, UE shall monitor the PDCCH for the identification of DL COT during on-duration in each DRX cycle even if this PDCCH is not for unicast PDSCH/PUSCH assignment.
Although UE monitors the PDCCH for the identification of the DL COT during on-duration, there is no guarantee that the channel is available for the gNB in the unlicensed band. If UE doesn’t detect the PDCCH for DL COT indication from its serving cell before the expiration of drx-onDurationTimer, we propose UE go to off period and switch to the short DRX cycle if configured. This increases the chance and reduces the delay to receive the PDCCH for DL COT indication from its serving cell without continuous search for the PDCCH for the identification of the DL COT. Therefore, UE is not required to wait until the next long DRX cycle. UE will remain in short DRX cycle until it detects the PDCCH for DL COT indication. If short DRX cycle is not configured then UE should follow the shortest DRX periodicity. 
Proposal 2: In NR-U, when UE doesn’t detect the PDCCH for DL COT indication from the serving cell during the on-duration, UE should switch to the short DRX cycle if configured.  If short DRX cycle is not configured then UE should follow the shortest DRX periodicity. 
After the detection of the PDCCH for DL COT indication from its serving cell, UE extends active time by using the drx-onDurationTimer for UE specific PDCCHs for PDSCH/PUSCH assignment similar to licensed band. UE is not required to receive UE specific PDCCHs for PDSCH/PUSCH assignment when this drx-onDurationTimer is expired even if it is within the DL COT. 
The usage of extending active time by using the drx-onDurationTimer for UE specific PDCCHs for PDSCH/PUSCH assignment allows UE more chance to receive UE specific PDCCHs for PDSCH/PUSCH assignment in the current DRX cycle, and also provides gNB more scheduling flexibility especially when the PDCCH is heavily loaded.
To extend the DRX active time, one possibility is using a fixed length drx-onDurationTimer as shown in figure 1. After the detection of the PDCCH for DL COT indication, the timer just continues to count regardless of COT status. In this option, the actual time for the PDCCH reception for UE specific PDCCHs for PDSCH/PUSCH assignment can be reduced as the timer already running before the reception time for UE specific PDCCHs for PDSCH/PUSCH assignment.  
Another possibility is drx-onDurationTimer is divided into drx-onDurationTimerDLCOTdetection (for the detection of the PDCCH for DL COT indication when it is outside of COT) and drx-onDurationTimerUEspecificPDCCH (for UE specific PDCCHs for PDSCH/PUSCH assignment) as shown in figure 2 and figure 3. After the detection of the PDCCH for DL COT indication, drx-onDurationTimerUEspecificPDCCH is started. In this option, the actual time for the PDCCH reception for UE specific PDCCHs for PDSCH/PUSCH assignment is not reduced. Therefore, our suggestion is to take this approach.
Even if the active time for the PDCCH reception for UE specific PDCCHs for PDSCH/PUSCH assignment is extended in different timer case, because of the COT length limitation of the regulation, the DL COT can end before the expiration of drx-onDurationTimerUEspecificPDCCH. Therefore, drx-onDurationTimerUEspecificPDCCH should be counted only within the DL COT. If drx-onDurationTimerUEspecificPDCCH is not expired before the end of DL COT, UE should switch to the short DRX cycle for the reception of the PDCCH for DL COT indication, which is based on drx-onDurationTimerDLCOTdetection. For example, if network configured drx-onDurationTimerUEspecificPDCCH value 10ms. When UE detects DL COT signal, it obtains the COT value 4ms. At the end of current COT, UE still have 6ms left for drx-onDurationTimerUEspecificPDCCH timer. Hence, it will switch to the short DRX cycle and wait for the DL COT indication from gNB. Once it detects COT indication again it will obtain length of COT (for example 6ms) then at the end of COT, UE will go to DRX off period (switch to the long DRX cycle) if it doesn’t receive UE specific PDCCH.  
Ideally, drx-onDurationTimerDLCOTdetection and drx-onDurationTimerUEspecificPDCCH should be allowed to have different values of the configurations as the functions are different. 




Figure 1: a fixed length drx-onDurationTimer 

 
Figure 2: UE detects DL COT signal within drx-onDurationTimerDLCOTdetection


Figure 3: UE doesn’t detects DL COT signal within drx-onDurationTimerDLCOTdetection

Proposal 3: In NR-U, upon detecting the PDCCH for DL COT indication from its serving cell, UE should extend active time by using drx-onDurationTimer for the PDCCH reception for UE specific PDCCHs for PDSCH/PUSCH assignment (i.e. drx-onDurationTimerUEspecificPDCCH ).
Proposal 4: In NR-U, drx-onDurationTimer for the PDCCH reception for UE specific PDCCHs for PDSCH/PUSCH assignment (i.e. drx-onDurationTimerUEspecificPDCCH ) is counted only within the DL COT. 
Proposal 5: In NR-U, before the expiration of drx-onDurationTimer for the PDCCH reception for UE specific PDCCHs for PDSCH/PUSCH assignment (i.e. drx-onDurationTimerUEspecificPDCCH ), if the DL COT ends, UE should switch to the short DRX cycle for the reception of the PDCCH for DL COT indication.
Conclusions
In this contribution, we discussed detail on DRX enhancement for NR-U. Additionally, we ask RAN2 to discuss the following proposals: 
Proposal 1: In NR-U, UE shall monitor the PDCCH for the identification of DL COT during on-duration in each DRX cycle even if this PDCCH is not for unicast PDSCH/PUSCH assignment.
Proposal 2: In NR-U, when UE doesn’t detect the PDCCH for DL COT indication from the serving cell during the on-duration, UE should switch to the short DRX cycle if configured.  If short DRX cycle is not configured then UE should follow the shortest DRX periodicity. 
Proposal 3: In NR-U, upon detecting the PDCCH for DL COT indication from its serving cell, UE should extend active time by using drx-onDurationTimer for the PDCCH reception for UE specific PDCCHs for PDSCH/PUSCH assignment (i.e. drx-onDurationTimerUEspecificPDCCH ).
Proposal 4: In NR-U, drx-onDurationTimer for the PDCCH reception for UE specific PDCCHs for PDSCH/PUSCH assignment (i.e. drx-onDurationTimerUEspecificPDCCH ) is counted only within the DL COT. 
Proposal 5: In NR-U, before the expiration of drx-onDurationTimer for the PDCCH reception for UE specific PDCCHs for PDSCH/PUSCH assignment (i.e. drx-onDurationTimerUEspecificPDCCH ), if the DL COT ends, UE should switch to the short DRX cycle for the reception of the PDCCH for DL COT indication.
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