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Introduction

According to SI report from RAN1, the power saving signal (PS signal) will be introduced as a waking up (WUS)/go to sleep (GTS) signal for UE. RAN2 shows an interest of  this power saving signal applied on CDRX, and the following agreements are achieved in RAN2#105 meeting:

Agreements

-
RAN1 can focus on the design on the signal/channel. 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. 
-
RAN2 assumes that RAN1 will downscope the solutions as soon as possible

From above agreements, RAN 2 reckon that the WUS scheme need be associated to CDRX in order to improve the power saving efficiency for the DRX procedure. Since the relationship between WUS scheme and DRX have not been clear yet, it is impossible have a correct understanding to the impact on the current DRX mechanism from WUS scheme. Thus the intention of this contribution is to share our concerns on the relationship between DRX and WUS scheme, and then give out our suggestion to the impact on the DRX from WUS scheme.
Discussions
According to the WID of power saving , we derive the following information about the power saving signal/channel:

--------------------------From Power Saving WID ---------------------------

4.1
Objective of SI or Core part WI or Testing part WI

The objective is to specify the UE power saving techniques with UE adaption in achieving UE power saving.  The power saving technique should address latency and performance in NR as well as network impact.  The objective of the UE power saving includes the following,
Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 

Specify the power saving techniques with power saving signal/channel 
Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED

Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2

Note: Any change of PDCCH channel coding and payload interleaver  is not in the scope

Specify the procedure of cross-slot scheduling power saving techniques  
Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure

------------------------- From Power saving WID ------------------------------------
According to the yellow highlighted wording, it can be seen that the power saving signal/channel is PDDCH based (i.e. DCI/PDCCH). And the power saving signal/channel scheme shall be different with the current DRX operation , which means the power saving signal scheme shall not play a same role with the DRX.

Observation 1: The power saving signal/channel will be a PDCCH-based single (e.g. DCI), and the power saving signal shall not duplicate DRX operation.
Besides, The usage of power saving signal can be found in the SI report TR:

-------------------From Power Saving TR -----------------------------------------------------

5.2.2 Power saving procedure

The power saving signal/channel in triggering UE adaptation to DRX operation for further study is that the power saving signal/channel can be configured along the DRX configuration as the indication for UE to wake up from the sleep state.  RS resources can be considered to assist UE in performing RRM/CSI measurement and channel time/frequency and/or beam tracking.

The power saving signal/channel candidate in triggering UE to achieve reducing PDCCH monitoring for further study  is that the power saving signal/channel can be used to trigger UE to skip the PDCCH monitoring and/or to go to sleep for a period of time.

The power saving signal/channel in triggering UE frequency domain processing adaptation for further study is the power saving signal/channel can be used to trigger the indication of RS configuration for channel tracking, CSI measurements, and beam management for the additional assistance of dynamic switching of BWP or activation of SCell in achieving the power saving gain.  The power saving signal/channel can be used for BWP switching, activation/deactivation of SCell or adaptation of PDCCH monitoring and/or CORESET/search space of PCell/SCell.

For further study, the power saving signal/channel in triggering adaption to the UE processing, such as MIMO configuration/layers, antenna configuration, UE processing time, and background processing can be used as the indication for UE adaptation.  The power saving signal/channel in triggering UE adaptation to the processing is to allow UE in reducing the power consumption by indication of the processing time, such as PDCCH/PDSCH/PUSCH/PUCCH processing or the essential background processing, such as periodic CSI and RRM measurements.  

-------------------------From Power saving TR ------------------------------------- 
Based on the description above, it can be observed that different types of power saving signal have been identified in the TR, and the following two seems close related to the DRX operation.

Signal to wake up from the sleep state, which  will be named as WUS (wake up signal) for short in this contribution.
Signal to trigger UE to skip the PDCCH monitoring and/or to go to sleep for a period of time, which  will be named as GTS (go to sleep signal) for short in this contribution.
To give a clear impact analysis, the impact on RAN2 specs caused by WUS and GTS will be discussed separately in this section.

Impact on RAN2 caused by WUS

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 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.

Proposal 1: 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.

Impact on RAN2 caused by GTS

The intention of GTS is to trigger UE to skip the PDCCH monitoring and/or to go to sleep for a period of time. 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. 

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”.

Observation 3: 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.

Proposal 2: UE in “GTS period” is still required to monitor the PDCCH in case the monitor of PDCCH is caused by the transmission of Scheduling Request or the on-going RACH procedure.

In the current specs, the following description can be found in MAC for DRX operation.

----------------------------------------------- From 38.321f40 ---------------------------------------------------------------

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; 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).

----------------------------------------------- From 38.321f40 ----------------------------------------------------------------

Based on the observation 2, we think the GTS can only be used to prevent the monitor of PDCCH caused by the first condition that the PDCCH monitor is caused by the running of “drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL”.  To achieve this, whenever s GTS signal is received by UE, one timer (e.g. gts-offDurationTimer) shall be started, and the UE will not monitor the PDCCH whenever the timer is running, if the monitor of PDCCH is caused by the running of “drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL”
Proposal 3: Whenever a GTS signle is received by UE, one timer (e.g. gts-offDurationTimer) shall be started, and the UE will not monitor the PDCCH whenever the time is running, if the monitor of PDCCH is caused by the running of “drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL”.

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 the analysis given above, we summarize our observations and proposals as follow:
Observation 1: The power saving signal/channel will be a PDCCH-based single (e.g. DCI), and the power saving signal shall not duplicate DRX operation.

Impact on RAN2 caused by WUS

Observation 2: 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.

Proposal 1: 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.

Impact on RAN2 caused by GTS
Observation 3: 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.

Proposal 2: UE in “GTS period” is still required to monitor the PDCCH in case the monitor of PDCCH is caused by the transmission of Scheduling Request or the on-going RACH procedure.

Proposal 3: Whenever a GTS signal is received by UE, one timer (e.g. gts-offDurationTimer) shall be started, and the UE will not monitor the PDCCH whenever the timer is running, if the monitor of PDCCH is caused by the running of “drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL”.

---------------------------------------- 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, if configured, 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 ------------------------------------------------
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