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1. Introduction
A new WI has been agreed in RAN#82 to work on NR based access in unlicensed spectrum. One of the WI scope is to study DRX enhancement for NR-u:
Potential enhancements to DRX considering channel access uncertainty.
In TR 38.889, there is no direct recommendation on DRX. However, during the SI phase, there were a number of contributions on this topics. In this contribution, we attempt to summarize the different proposals and provide our view on this topic.
2. Discussion
In current NR DRX, common DRX concept is applied for a MAC entity. That is the UE monitors the PDCCH of all the serving cells of cell groups belonging to the MAC entity during the active time. In addition, the MAC entity maintain the active time based on DRX configuration configured by RRC. The DRX configuration includes the drx-OnDurationTimer and drx-InactivityTimer which are applied on a per MAC entity basis and drx-RetransmissionTimerDL and drx-RetransmissionTimerUL which are run per HARQ process basis. 
In NR-u, the gNB scheduling opportunities are reduced due to LBT failure. In addition, even if LBT succeeded, the gNB can only be occupying the channel for a limited time duration due to the limited maximum transmission duration requirement.  To increase the gNB scheduling opportunities, one straightforward way is to maintain the existing DRX behavior but prolong the DRX timers to take into consideration of LBT failure or DRX cycles should be shortened to allow increase gNB scheduling opportunities via RRC signalling. Since the DRX configuration is configured by RRC, this can already done by the network to set the DRX timers taking into consideration of loss of scheduling opportunities due to LBT.
Further enhancements are also proposed by various companies and this can be classified into the following three categories:
1. Introduce Multiple DRX configuration [1] [2]
2. Dynamic adjustment of drx-OnDurationTimer [3]
3. Introduce Power Saving Signal (wake-up signal/go-to sleep signal) [4]
In the following sections, we discuss the pros and cons of each enhancements.
2.1. Introduce multiple DRX configurations
In LTE LAA, it was discussed whether to break away from the the common DRX concept. However the conclusion is that until further studies reveal that there is a need for very short DRX cycles/very long Active times, common DRX is recommended to be used as the baseline across all aggregated licensed and unlicensed serving cells. 
For proponents of this enhancement of introducing multiple DRX configurations, the common DRX is keptby maintaining the starting position of the DRX and the DRX periodicity common across all serving cells, however the DRX timers (On-duration timer, drx-RetransmissionTimerUL/DL) can be different, either: 
1. Between licensed or unlicensed cells in the case of LAA
2. Among unlicensed cells for standalone case.   
Both approaches result in UE having to maintain more timers and thus increase UE complexity. Also, the UE power saving which is the main purpose for using DRX can only be achieved if the UE RF receiver is not the same between the two serving cell using different DRX configuration. Moreover, when there is no data activity, gNB can always deactivate the Scell. Hence there is no need to optimize with different DRX configuration for SCells in CA case where lincend cell is PCell and unlicensed cell is SCell. 
Furthermore, having different DRX configuration (even breaking away completely the common DRX concept) between licensed and unlicensed cells can already be achieved via dual connectivity mechanism where the licensed cells are mapped to one MAC entity while the unlicensed cells are mapped to another MAC entity.  Hence we do not see a need to enhance DRX in this way.
Observation#1: Enhancing DRX with multiple DRX configuration increases UE complexity in maintaining multiple DRX timers with different value if DRX configuration is configured per serving cell; also it may not improve UE power saving since the network may not know the RF receiver architecture of the UE.
Observation#2: For the case where different DRX configurations are configured for licensed and unlicensed cells in LAA, this can already be achieved by configuring the UE with NR-NR DC with licensed cells on one cell group while unlicensed cells on another cell group.

Proposal 1: Similar to LTE, one DRX configuration is supported for CA, while independent DRX configuration is supported for different CG in EN-DC or NR-NR DC. 

2.2. Dynamic adjustment of drx-OnDurationTimer
The concept of this approach is that the UE extends the ON DURATION timer depending on whether there is any signal detected from gNB. Such signal can be COT indication signal (e.g. GC-PDCCH). Note that RAN1 has agreed to such signalling as follow:
· 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
· 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 UE can also use the COT structure in the indication to decide whether to keep in active time, but the presence of the COT indication does not guarantee actual scheduling if COT indication is common signaling for all UEs or group of UEs. In this case, the power saving gain may not be significant.   
Obseration#3: If COT indication is transmitted for all UEs or group of UEs in the serving cell, adjustement of drx-OnDurationTimer based on COT indication may not be efficient because the presence of the COT indication does not guarantee actual scheduling.
.
2.3. Power Saving Signal
As mentioned in section 2, the most straightforward way is to maintain the existing DRX behavior but prolong the DRX timers to take into consideration of LBT failure or DRX cycles should be shortened to allow increase gNB scheduling opportunities via RRC signalling.  However, both of these approach will waste UE power if gNB has no data to send. In Rel-16, there is a study item to enhance on UE power saving (FS_NR-PowerSaving (SID in RP-181463)). One of the improvement is to introduce new power saving signalling for waking the UE to go into On-duration (WUS signalling) or for sending the UE to sleep during active time (i.e. GTS signal). 
The RAN1 agreement for this is as follow:
	Agreements:
· DL power saving signal and/or channel is beneficial at least in some use cases and is thus supported for UE power consumption savings
· Detailed FFS, e.g., detailed mechanisms (including reusing existing signal/channel, or a new one), purpose(s) (wake-up and/or go-to-sleep, etc.), etc.



In NR-U operation, if the ON-Duration is prolonged to increase the gNB scheduling opportunities to overcome LBT, the GTS signal can be used to send the UE to DRX when there is no data to send.
Observation#4: The UE power consumption problem of prolonging the ON-duration which is done to provide increase scheduling opportunites to overcome LBT failure can be solved by GTS introduced in UE power saving SI/WI.
If the DRX cycle is shortened to increase gNB scheduling opportunities, the WUS signal can be used to inform UE whether to wake up or not for a On-Duration period.
Observation#5: The UE power consumption problem of shortening of DRX cycle to overcome LBT failuee can be solved by the WUS signal introduced from UE power saving SI/WI . And the COT indication introduced from NR-u can be used as the WUS.
Both approaches help to improve the UE power consumption while the scheduling opportunities are increased with the prolong DRX timers and/or shorten DRX cycle to overcome the loss due to LBT failure.

As observed, WUS and GTS that are considered in the Power Saving SI are also useful to overcome the UE power consumption problem as a result of the increase scheduling opportunities to overcome LBT failure in NR-U operation.  In order to avoid duplicated work, RAN2 should wait for the progress of the GTS and WUS in Power saving SI..
				Propoal 2: RAN2 waits until detailed design on WTS/GTS is progressed in UE power saving SI. 

3. Conclusion

RAN2 is requested to discuss the following observations and proposals:
With multiple DRX configuration:
Observation#1: Enhancing DRX with multiple DRX configuration increases UE complexity in maintaining multiple DRX timers with different value if DRX configuration is configured per serving cell; also it may not improve UE power saving since the network may not know the RF receiver architecture of the UE.
Observation#2: For the case where different DRX configurations are configured for licensed and unlicensed cells in LAA, this can already be achieved by configuring the UE with NR-NR DC with licensed cells on one cell group while unlicensed cells on another cell group.
Proposal 1: Similar to LTE, one DRX configuration is supported for CA, while independent DRX configuration is supported for different CG in EN-DC or NR-NR DC.
With Dynamic adjustment of on-duration timer:
Observation#3: If COT indication is transmitted for all UEs or group of UEs in the serving cell, adjustement of drx-OnDurationTimer based on COT indication may not be efficient because the presence of the COT indication does not guarantee actual scheduling.
With power saving signal introduced by power saving SI/WI:
Observation#4: The UE power consumption problem of prolonging the ON-duration which is done to provide increase scheduling opportunites to overcome LBT failure can be solved by GTS introduced in UE power saving SI/WI.
If the DRX cycle is shortened to increase gNB scheduling opportunities, the WUS signal can be used to inform UE whether to wake up or not for a On-Duration period.
Observation#5: The UE power consumption problem of shortening of DRX cycle to overcome LBT failuee can be solved by the WUS signal introduced from UE power saving SI/WI . And the COT indication introduced from NR-u can be used as the WUS.
Based on the above observations in Section 2.1, 2.2 and 2.3, it is proposed:
Proposal 2: RAN2 waits until detailed design on WTS/GTS is progressed in UE power saving SI
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