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Introduction

In the RAN2#105BIS meeting, the following agreements are achieved in RAN2:

Agreements

=>
RAN2 will study the RAN2 impact of wake up signaling to C-DRX.  

=>
Wakeup signaling is linked to C-DRX and is only configured when C-DRX is configured.  If the WUS is not configured legacy operations apply. 

=>
If configured with WUS, UE should monitor for WUS occasions at a known offset before on duration C-DRX.  The offset is up to RAN1 discussion. 

The wake up signaling configured with DRX  is introduced  for enhancing the current DRX operation, which can reach the power saving target. The intention of this contribution is to share our views on impacts from introduction of WUS signal with DRX.
Discussions
General
According to RAN 1 understanding in the RAN1#96BIS meeting, they have the following agreements:

Agreements:

Potential DCI contents in DCI format(s), to be further investigated:

Power saving technique associated with C-DRX

Essential for UE function for the C-DRX

Wakeup 

UE is indicated to transition from outside Active Time to Active Time

UE is indicated to stay at Active Time

Go to sleep

UE is indicated to transition from Active Time to outside Active Time.

UE is indicated to stay outside Active Time

FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.

Which can be seen that in RAN1 understanding, they still think that the power saving signal for CDRX may include two kinds of signals: wake up signal and go to sleep signal. Regarding to the agreements from RAN2 that only WUS signal related to the DRX operation. However, as analyzed in [1], the WUS signal defined in RAN 2 is the synthesis of both WUS and GTS signal defined in RAN 1. Thus for avoiding missing the impact from Power saving signal associated with DRX, we prefer to analyze the impacts from GTS and WUS signal respectively.

Observation 1: Since there existed misalignment on the power saving signal associated with DRX between RAN 1 and RAN 2,  the WUS signal defined in RAN2 cannot indicate the fully usage of power saving signal adequately. Thus the impact from power saving signal shall be analysis regarding to WUS and GTS separately.
The Impact From WUS signal

The intention of WUS is to wake up UE from the sleep state. Since the transmission of WUS signal is controlled by the NW, the NW will only wake up UE in case the NW want to schedule the UE. Therefore, we think once the WUS signal is received, the UE shall be considered as in Active time. In the current specs, within each DRX cycle, there will be one “On duration” phase, which is controlled by the timer drx-onDurationTimer, and the UE will be considered as in active time whenever the drx-onDurationTimer is running. 
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For the operation of WUS, we think the similar approach can be reused that whenever a WUS signal is received by UE, one timer similar to drx-onDurationTimer (e.g. wus-onDurationTimer) shall be started. And the UE will be considered as in Active Time whenever the timer is running.
we think the “sleep state” should refer to the DRX off state.

Observation 2: Since the NW will only wake up UE in case the NW want to schedule the UE, the UE shall be translate to Active Time once the WUS signal is received.

Based on the observation 2, once the UE is translated to Active Time, one issue is how long the UE will be kept in the Active Time. For this issue, the following two alternative can be considered:

Alt1: Once WUS is received, the UE will be translated to Active Time until the next on duration cycle.

Alt2: Once WUS is received, a timer will be started and the UE will be considered in Active Time until the expiration of the timer.

Compare the alternative 1 and 2, the alternative 2 can bring more flexibility to NW, thus we prefer to take the timer based solution as baseline.

Proposal 1: Whenever a WUS signal is received by UE, one timer (e.g. wus-Timer) shall be started. And the UE will be considered as in Active Time whenever the timer is running.

The Impact From GTS signal

Similar with WUS signal, once the GTS signal is interpreted by UE, this issue is how long does UE to keep sleeping for such signal. For this issue, the following two alternatives can be considered:
Alt1: Once the GTS signal is received, the drx-onDurationTimer related to the coming on duration cycle shall not be started.

Alt2: Once the GTS signal is received, a GTS-timer can be started, and the UE will be considered in Inactive Time once the timer is running.

Compare the alternative 1 and 2, the alternative 2 can bring more flexibility to NW, thus we prefer to take the timer based solution as baseline.

Proposal 2: Whenever a GTS signal is received by UE, one timer (e.g. gts-Timer) shall be started. And the UE will be considered as out side of Active Time whenever the timer is running.
According to the current specification, except for drx-onDurationTimer, some other timers’ running may lead UE to keep awake to monitor the PDCCH. 
Observation 3:  Even the drx-onDurationTimer is not running, the UE will be considered as in Active Time in case the following timer is running:

drx-InactivityTimer

drx-RetransmissionTimerDL
drx-RetransmissionTimerUL
ra-ContentionResolutionTimer
Similar as WUS, since the transmission of GTS is controlled by NW, the NW will only transmit the GTS in case the NW determine not to schedule the UE in a following period. There is no need for UE to keep monitoring the PDCCH while received the GTS signal
Proposal 3: Once the GTS signal is received, the UE shall be considered as in Inactive Time even the drx-InactivityTimer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL is running.
However, considering the DL PDCCH monitoring may be caused by the transmission of Scheduling Request or RACH procedure, and the transmission of Scheduling Request or RACH may occur after the reception of GTS, we think the NW may change their mind once the Scheduling Request or RACH is received, and schedule the UE even the UE is still in the “GTS period”.
Proposal 4: Since the UE may initiate the transmission of Scheduling Request or initiate the RACH procedure after the reception of GTS, and the NW may decide to schedule the UE once the Scheduling Request  or RACH preamble is received. Thus UE need to keep awake to monitor the PDCCH when SR is transmitted or RACH is triggered.
Based on the observations and proposals above, one example is given to show the stage3 impact on the MAC specs.

---------------------------------------- Example of changes to the MAC specs ------------------------------------------------

When a DRX cycle is configured, the Active Time includes the time while:

-
drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running and the gts-offDurationTimer is not running; or

-
wus-onDurationTimer or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or
-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in subclause 5.1.4).

--------------------------------------- Example of changes to the MAC specs --------------
Conclusion 

Based on all the analysis above, we give our proposals as:

Observation 1: Since there existed misalignment on the power saving signal associated with DRX between RAN 1 and RAN 2,  the WUS signal defined in RAN2 cannot indicate the fully usage of power saving signal adequately. Thus the impact from power saving signal shall be analysis regarding to WUS and GTS separately.

Observation 2: Since the NW will only wake up UE in case the NW want to schedule the UE, the UE shall be translate to Active Time once the WUS signal is received.

Proposal 1: Whenever a WUS signal is received by UE, one timer (e.g. wus-Timer) shall be started. And the UE will be considered as in Active Time whenever the timer is running.

Proposal 2: Whenever a GTS signal is received by UE, one timer (e.g. gts-Timer) shall be started. And the UE will be considered as out side of Active Time whenever the timer is running.
Observation 3:  Even the drx-onDurationTimer is not running, the UE will be considered as in Active Time in case the following timer is running:

drx-InactivityTimer

drx-RetransmissionTimerDL
drx-RetransmissionTimerUL
ra-ContentionResolutionTimer
Proposal 3: Once the GTS signal is received, the UE shall be considered as in Inactive Time even the drx-InactivityTimer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL is running.
Proposal 4: Since the UE may initiate the transmission of Scheduling Request or initiate the RACH procedure after the reception of GTS, and the NW may decide to schedule the UE once the Scheduling Request  or RACH preamble is received. Thus UE need to keep awake to monitor the PDCCH when SR is transmitted or RACH is triggered.
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