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1 Introduction
In the previous RAN2 meeting [1], the following agreement was reached on the impact of the wake-up indication (WUI) on RAN2 procedures.
From RAN2 perspective, the power saving signal/channel scheme is considered jointly with DRX.  RAN2 assumes that the WUS scheme is linked/associated to DRX. RAN2 should study the impact to c-DRX.
In addition, RAN1 agreed on the text below about the need to study the impact of DRX adaptation on periodic activities [2]:  
Note: UE background processing, e.g.,periodic RRM/CSI measurements, beam management, RLM, time/frequency tracking,  needs to be studied in accordance to UE adaptation to DRX operation.
In this document, we take a closer look at the interaction of the WUI with the connected-DRX mechanism and its implications for the DRX operation.
2 Discussion
2.1 Wake-up indication and DRX
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. 
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[bookmark: _Ref3985775]Figure 1: A simple DRX configuration in Rel-15
The DRX mechanism in NR that is inherited from LTE, 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. 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 restarts each time data is exchanged between the UE and the NW, keeping the UE awake while data exchange takes place. On the expiry of the inactivity timer, the UE goes back to sleep; monitoring for activity again in the following on-duration. 
An alternative to monitoring PDCCH is the wake-up indication that has been discussed in this SI. When no data exchange is expected, the UE can enter a low power state in which it only monitors for the reception of the WUI at periodic occasions. The WUI is sent by the NW to alert the UE to the presence of activity. When combined with DRX, the WUI replaces the need for the DRX on-duration, as the indication plays a similar role to the reception of a DCI during the DRX on-duration, triggering the UE to start monitoring PDCCH. The UE no longer needs to monitor PDCCH for the presence of activity, i.e. during the on-duration. The simplest way to integrate the WUI into the DRX configuration is to have the WUI trigger the inactivity timer as shown in Figure 2.
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[bookmark: _Ref3993822]Figure 2: Wake-up indication alongside DRX
Observation 1: A DRX on-duration that defines a period to regularly monitor PDCCH for activity, 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.
2.2 Periodic link maintenance alongside WUI
In addition to monitoring PDCCH for activity, the on-duration 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 as illustrated in Figure 3 and outlined in the excerpt below from the NR MAC specification [3].Excerpt 1: From 38.321, 5.7 on periodic activities during DRX operation
1>	in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:
2>	not transmit periodic SRS and semi-persistent SRS defined in TS 38.214 [7].
1>	if CSI masking (csi-Mask) is setup by upper layers:
2>	in current symbol n, if onDurationTimer would not be running considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:
3>	not report CSI on PUCCH.
1>	else:
2>	in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:
3>	not report CSI on PUCCH and semi-persistent CSI on PUSCH.
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[bookmark: _Ref4058964]Figure 3: Periodic CSI and SRS reporting alongside DRX
If the on-duration is dropped since it is replaced by the wake-up mechanism, background link maintenance such as periodic or semi-persistent SRS and CSI acquisition and reporting can no longer be performed. Therefore when the wake-up mechanism is configured, the on-duration period should serve, not as a period for regular PDCCH monitoring, rather as a window during which background link maintenance can be done as shown in Figure 4. The TR on power savings [4] describes such a window as a preparation period as can be seen in the excerpt below.
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[bookmark: _Ref4059484]Figure 4: Window for periodic link maintenance alongside WUIPreparation period is used for (e.g., to perform channel tracking, CSI measurements, beam tracking). 
-	Preparation period can be used in preparation for the PDCCH 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
Excerpt 2: From 38.840, 5.1.4 on the need for a preparation period


Observation 2: The DRX on duration is useful to provide a window during which periodic link maintenance can be performed.
Proposal 2: A period during which background link maintenance such as periodic/semi-persistent 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: A DRX on-duration that defines a period to regularly monitor PDCCH for activity, is not needed when a wakeup mechanism is in use.
Observation 2: 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.
Proposal 2: A period during which background link maintenance such as periodic/semi-persistent CSI and SRS reporting can be performed needs to be defined alongside the wakeup mechanism.
4 References
[1]. [bookmark: _Ref4058509][bookmark: _Ref536799885]Draft Report of 3GPP TSG RAN WG2 meeting #105 (MCC support)
[2]. [bookmark: _Ref4070497]Draft Report of 3GPP TSG RAN WG1 meeting #95
[3]. [bookmark: _Ref4058587]3GPP TS 38.321 – NR Medium Access Control (MAC) protocol specification, 15.4.0
[4]. [bookmark: _Ref4677888]3GPP TR 38.840 – NR Study on UE Power Saving, 1.0.0



image3.png
Periodic CSI/SRS occasion
1 Periodic CSI/SRS transmitted




image4.png
Window for link maintenance





image1.png
No activity
W UL/DL activity
DRX Cycle

— —
On duration Inactivity timer runs

UL/DL DCl received





image2.png
[ Wake-up occasion
0 Wake-up indication received
DRX Cycle

1 — 0

—
Inactivity timer runs




