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1 Introduction
An objective of the power saving study item [1], is to look at techniques to reduce the handset’s power consumption in RRC connected mode, such as a power saving signal/channel/mechanism to trigger adaptation of UE power consumption. RAN1 have made substantial progress in their discussion, and we capture some of their agreements from the last meeting [2] below.The general procedure for the study of UE adaptation to the DRX operation is as follows,
· UE adaptation of its behavior to the DRX operation for UE power consumption reduction 
· When is configured with power saving signal/channel, power saving signal/channel as the indication whether to wake up or not before or at the beginning of DRX ON duration
· At least for the indication of PDCCH monitoring
· Preparation period is used for ,( e.g., to perform channel tracking, CSI measurements, beam tracking), 
· Preparation period can be used In preparation for the PDCCH/PDSCH decoding 
· Preparation period could be before or during the DRX ON duration
· Network can indicate UE to report CSI before or after the power saving signal/channel (if configured) during the preparation period 
· Network can indicate additional RS transmission (e.g., CSI-RS, TRS, SSB and power saving signal) at the preparation period 
· Go-to-sleep signaling as the indication allowing UE going  to sleep state, e.g.,
· MAC-CE 
· DCI 
· Power saving signal/channel
· Constraints on scheduling DCI during DRX_ON


In this document, we take a closer look at the impact of the RAN1 discussions on RAN2 DRX procedures.
2 Discussion
2.1 Power consumption of a Rel-15 UE
For a UE in connected mode, data exchange with the NW is expected to be sporadic in NR, with the UE spending most of its time only monitoring PDCCH. Even for data intensive activities such as video streaming, with improvements in data rates in NR, it is expected that the video data is buffered fairly quickly, and the UE drops into a state of data inactivity during which only PDCCH monitoring takes place. The RAN1 power model agreed as part of this SI, provides information on the power consumption of the UE in various states. Values relevant to this discussion are captured in Table 1 below [3]. During periods of inactivity when the UE only monitors PDCCH, the UE can consume as much as a third of the power required for data transfer.
	Power State
	Characteristics
	Relative Power

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state.
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot.
	100

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state.
	300

	UL
	Long PUCCH or PUSCH.
	250 (0 dBm)
700 (23 dBm)


[bookmark: _Ref433491]Table 1: UE power consumption model for FR1
The DRX mechanism in NR that is inherited from LTE, is a powerful tool to help reduce the power cost of PDCCH monitoring in a UE with sporadic activity. Rather than having to monitor PDCCH continuously, the DRX mechanism requires the UE to only intermittently monitor PDCCH, allowing the UE to transit to sleep in the interval. The DRX on duration defines a period of time every DRX cycle that the UE monitors for potential activity. It additionally provides a window during which link maintenance can be performed, i.e. periodic CSI reporting and SRS transmissions take place during the DRX on duration. On the occurrence of activity during the on duration, i.e. the reception of a DCI, the DRX inactivity timer is triggered as shown in Figure 1. The DRX inactivity timer continues to run so long as data is exchanged between the UE and the NW, and this keeps the UE awake while the data exchange takes place. On the expiry of the inactivity timer, the UE goes back to sleep; monitoring for activity again only in the on duration.
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[bookmark: _Ref430461]Figure 1: Rel-15 DRX operation
Of course, the level of power savings that can be achieved with DRX is down to the NW configuration. The percentage of time in a DRX cycle that a UE needs to stay awake for, directly corresponds to the power savings possible. Furthermore, the length of the sleep interval corresponds to the type of sleep that a UE can go into as indicated in Table 1. As a rule of thumb, the PDCCH monitoring duration ought not to exceed 5% of a given cycle, with a sleep duration that allows the UE to transit in and out deep sleep (modelled as 20ms by RAN1 [3]). In addition, mechanisms such as the short DRX configuration that allow the UE to discontinuously monitor PDCCH more frequently when activity is expected, should be used in place of long monitoring timers such as the inactivity timer to see improved power gains.
Observation 1: The power consumption of a Rel-15 NR UE is highly dependent on having an appropriate DRX configuration.
2.2 Wakeup mechanism with power saving signal
The wakeup mechanism is an indication sent to the UE for it to expect data exchange to take place. When traffic is sporadic, such a mechanism replaces the need of the UE to monitor PDCCH continuously. Instead the UE briefly monitors the downlink for the wakeup indication, allowing the UE to go back into sleep right away if no wakeup indication is received.
While the flavour of the wakeup mechanism, i.e. whether it is a signal, a DCI or a third type of indication, is still under discussion in RAN1, the consensus is that the use of a wakeup mechanism leads to significant power savings when compared to a DRX configuration, as the UE does not needlessly monitor PDCCH when no data exchange is expected to take place. The simulation results provided by several companies on the power savings with a wakeup mechanism are shown in Table 2 [4], which indicate significant potential power savings over traditional DRX mechanisms.
	Company
	Power saving scheme
	Power saving gain
	Evaluation methodology
	Note

	ZTE 
	One stage and two stage power saving signal triggering UE wake up
Power saving signal triggering UE go to sleep
	[6%-27%

28%-50%]
	DRX configuration (160-10-8,160-40-8,160-100-8)

DRX configuration (40-10-4, 40-25-4, 160-40-8, 160-100-8, 320-80-10, 320-200-10)
	

	Oppo 
	WUS triggering DRX
	[4%-71%]
	Traffic model: FTP3, IM
	

	CATT
	Power saving signal triggering UE wakeup before DRX ON with on-demand PS-RS at pre-processing window
	[36%-79%]
	DRX cycle (40,160, 320) ms, 
FTP3 traffic model with traffic  load (0.1, 0.8,3.2)
	

	Intel 
	Power saving signal triggering UE wakeup and go-to-sleep signal triggering UE back to sleep
	[9%-73% for WUS
52%-82% for GTS ]
	DRX configuration (40,10,4),(160, 100, 8), (320,80, 10)
Traffic model: FTP3, IM, VoIP, web browsing, video streaming
	

	LG
	WUS signal triggered DRX with inactivity timer running 
	[1%-75%]
	Traffic model: FTP3 with file size 0.5 Mbyte
	UPT loss

	QC
	PDCCH-based WUS signal triggering UE wakeup 
	[2%-70%]
	Method: Numerical simulation
DRX configuration (40,10) (40,25) (160,100)
Traffic model: FTP3, IM, Web browsing
	CSI  measurements in pre-processing before the 1st PDSCH reception

	Samsung 
	1-bit Power Saving signal triggering UE wakeup at DRX ON

	[0%-90%]
	DRX configurations
DRX cycle:80/160/320ms
Inactivity Timer: 10-100ms
OnDuration:2-8ms)
Baseline : DRX cycle:160ms, Inactivity timer:100ms, on Duration:8ms
	

	Huawei 
	Power saving signal triggering UE wake-up or power saving signal triggering go-to-sleep signal 
	[WUS: up to 40%

GTS: (40% - 85% for packet size 0.1Mbytes, 35% - 75% for 0.5Mbytes)]
	DRX cycle (320/160/40),
Inactivity timer(200/100/80/40/25/10)
On duration timer (10/8/4) 
Packet sizes 0.1/0.5Mbytes

	

	MediaTek 
	Power saving signal triggers DRX OnDuration, where power saving signal is allocated in the preparation windown allowing periodic BM/CSI report and/or SRS transmission around a SS burst
	[9%-30%]
	Traffic model: FTP3, IM, VoIP
	

	Apple
	PDCCH based Go-to-sleep signal
	[GTS 
37%~71%]
	FTP3 traffic (inter-arrival time = 2.5ms, 100ms)
	With no DRX

	Sony 
	WUS triggering wakeup for DRX 
	[7-11% for PDCCH-based WUS
11-20% for low power WUS]
	FTP3 traffic. DRX = {160,100,8} and {160,40,8}
	



[bookmark: _Ref362798]Table 2: Power savings with the use of a wake-up mechanism [4]
Observation 2: A wake-up mechanism indicating whether a UE expects data activity leads to significant power savings over the Rel-15 DRX mechanism.
2.3 Impact of wakeup mechanism on DRX operation
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[bookmark: _Ref430483]Figure 2: DRX operation with wakeup mechanism
The wakeup mechanism replaces the need for monitoring PDCCH over the DRX on duration. The wakeup mechanism indicates to the UE that it can expect activity, similar to the reception of a DCI by the UE. In addition, the reception of a wakeup indication from the NW performs the same function as the DCI received in the on duration that triggers the DRX inactivity timer as shown in Figure 2. As a result, when the wakeup mechanism is used, there is no longer a need for a DRX on duration to monitor for activity. 
Observation 3: A DRX on duration that defines a period to regularly monitor PDCCH is not needed when a wakeup mechanism is in use.
Proposal 1: The reception of a wakeup indication triggers the DRX inactivity timer in the UE.
In addition to defining a period to monitor the DL for activity, the DRX on duration provides a window within which the NW can perform regular link maintenance with the aid of mechanisms such as periodic CSI and SRS reporting from the UE as shown in Figure 1. While the on duration might not be useful as far as monitoring PDCCH is concerned, it still serves a purpose as a duration during which periodic link maintenance can be performed. As shown in Figure 2, if the DRX on duration is not present, link maintenance can only be performed when activity is present, which is not the purpose that periodic link maintenance serves.
Observation 4: The DRX on duration is useful to provide a window during which periodic link maintenance can be performed.
Proposal 2: A period during which periodic link maintenance such as CSI and SRS reporting can be performed needs to be defined alongside the wakeup mechanism.
3 Conclusion
In this contribution we make the following observations:
Observation 1: The power consumption of a Rel-15 NR UE is highly dependent on having an appropriate DRX configuration.
Observation 2: A wake-up mechanism indicating whether a UE expects data activity leads to significant power savings over the Rel-15 DRX mechanism.
Observation 3: A DRX on duration that defines a period to regularly monitor PDCCH is not needed when a wakeup mechanism is in use.
Observation 4: The DRX on duration is useful to provide a window during which periodic link maintenance can be performed.
Based on these observations, we propose:
Proposal 1: The reception of a wakeup indication triggers the DRX inactivity timer in the UE.
[bookmark: _GoBack]Proposal 2: A period during which periodic link maintenance such as CSI and SRS reporting can be performed needs to be defined alongside the wakeup mechanism.
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