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Introduction
RAN2 discussed cDRX enhancements, e.g. multiple DRX configurations and individual DRX operation per SCell [1-5]. RAN2 did not make any agreements on cDRX enhancements, except to study UE assistance for DRX configuration, and to have an email discussion on UE assistance information (not limited to cDRX) in email discussion #28. UE assistance information is not further discussed in this contribution, but cDRX enhancements not directly related to UE assistance information are discussed in this contribution. 
[bookmark: _Toc242573354]Background
cDRX and power saving
When cDRX is configured, and the UE does not have data to send or receive, the UE is only required to monitor PDCCH during the ON duration (drx-onDurationTimer) with the DRX cycle periodicity (drx-ShortCycle or drx-LongCycle). In first instance the power saving with cDRX depends on the ON duration vs DRX cycle length ratio, i.e. a short ON duration with a long DRX cycle length is the most power efficient. However with a long DRX cycle (i.e. maximum value for drx-LongCycle is 10.24 sec) the latency increases, i.e. it takes longer time to reach the UE, and some applications may not tolerate such long delay (e.g. voice/video). Furthermore, a minimum ON duration is required to provide sufficient scheduling flexibility to the gNB, i.e. the gNB can only reach all the connected mode UEs during their individually configured ON durations. It is noted that with a short ON duration, i.e. shorter than the SSB periodicity, the UE may be required to perform RRM measurements of the serving cell (and intra-frequency measurements) outside the ON period, i.e. not able to go to sleep yet. If needed, the UE performs inter-frequency measurements outside the ON period. 
The NW InactivityTimer runs in parallel with the cDRX timers in the UE, i.e. when during multiple consecutive ON periods no data was sent or received, the NW InactivityTimer expires and the UE is released to Inactive (or Idle). The NW InactivityTimer is typically much longer than the drx-InactivityTimer, i.e. the former is in the order of seconds or 10’s of seconds, while the latter is in the order of 10’s or 100’s of msec. Inactive (or Idle) mode is the preferred power saving state when the UE does not have data to send or receive for a long time.
cDRX configuration and operation
The cDRX configuration (DRX-Config IE) can be configured separately for masterCellGroup (CA) and secondaryCellGroup (DC) in RRCReconfiguration-IEs, i.e. in RRCReconfiguration message. The masterCellGroup can also already be configured in RRCResume and RRCSetup message. Thus CA can be configured early in MSG4 during RRCResumeRequest, while DC can only be configured later through RRCReconfiguration. 
Observation 1: The SCells with CA/DC form a bitpipe with varying bandwidth dependent on the number of activated SCells where the cDRX configuration and operation is common for the SCells in CA or the SCells in the same secondary/master group in DC.
The drx-onDurationTimer ranges between 1/32..31/32 msec or between {ms1, ms2, …, ms1200, ms1600}. The ShortCycle ranges between {ms2, ms3, …, ms512, ms640}, while the LongCycle ranges between {ms10, ms20, …, ms5120, ms10240}. The drx-InactivityTimer can be configured between {ms0, ms1, …, ms1920, ms2560}. The position of the ON durations for the UEs in connected mode can be configured individually with a drx-SlotOffset.
When the gNB knows that there is no more data to send or receive, the gNB can force the UE into DRX with Long DRX or DRX Command MAC CE e.g. while drx-onDurationTimer or drx-InactivityTimer is running. 
QoS/QFI
The gNB can use the QoS/QFI of the DRB to adapt the cDRX configuration. Standardized or pre-configured 5G QoS characteristics may include (see 23.501): 
· Resource Type (GBR, Delay critical GBR or Non-GBR);
· Priority Level;
· Packet Delay Budget;
· Packet Error Rate;
· Averaging window (for GBR and Delay-critical GBR resource type only);
· Maximum Data Burst Volume (for Delay-critical GBR resource type only).
Discussion
Micro/Light sleep during OnDuration
To enable both scheduling flexibility to the gNB and power saving to the UE it can be evaluated to apply light or micro sleep during the ON period, i.e. a longer OnDuration can be configured, while power consumption in the UE is reduced: 
	State
	Relative power
	Additional transition energy
	Total transition time (msec)

	Deep Sleep
	1
	450
	20

	Light Sleep
	20
	100
	6

	Micro sleep
	45
	10
	0

	PDCCH-only
	100
	-
	-
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Proposal 1: RAN2 to study the benefit of enabling DRX (micro/light sleep) during the ON duration.
Ligh/Micro sleep during OnDuration may be realized with a longer PDCCH monitoring periodicity, as discussed in [6], or by defining a DRX during the OnDuration. 
Smaller monitoring bandwidth during OnDuration
Further optimization can be considered when a power efficient bandwidth (e.g. a different coreset/search space) is used for the active BWP when the UE is monitoring PDCCH during the ON durations. More specifically the bandwidth could be narrower, allowing power saving, but overlapping with the bandwidth used during data activity, i.e. potentially avoiding bandwidth switching latency. This bandwidth adaptation is triggered and coupled to the cDRX OnDuration: 
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Proposal 2: RAN2 to study the benefit of bandwidth adaptation (e.g. “dormant” bandwidth) during ON duration.
The above behaviour is more difficult to achieve with bwp-inactivityTimer settings, i.e. with a too short timer the UE might pre-maturely switch to a “dormant” BWP while the UE is still transmitting and receiving data. When the switching is coupled with the cDRX timers, i.e. start of the OnDuration, the wanted behavior is achieved more effectively. 
cDRX operation
[bookmark: _GoBack]As indicated in section 2 the SCells are considered to enable a single bitpipe, and for that reason we do not see the need for cDRX configuration/operations per individual SCell. From a UE perspective it is efficient to use all activated SCell when there is data to send or receive, i.e. to “get it over and done with”, and then go to sleep for all SCells. Furthermore individual SCell configurations and operations is more complex for UE and gNB to handle: 
Proposal 3: RAN2 not to evaluate cDRX configuration/operations per SCell or group of SCells.
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss enhancements to cDRX: 
Observation 1: The SCells with CA/DC form a bitpipe with varying bandwidth dependent on the number of activated SCells where the cDRX configuration and operation is common for the SCells in CA or the SCells in the same secondary/master group in DC.
Proposal 1: RAN2 to study the benefit of enabling DRX (micro/light sleep) during the ON duration.
Proposal 2: RAN2 to study the benefit of bandwidth adaptation (e.g. “dormant” bandwidth) during ON duration.
Proposal 3: RAN2 not to evaluate cDRX configuration/operations per SCell or group of SCells.
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