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1. Introduction
In RAN #83, a new Rel-16 work item on NR UE power saving was discussed and approved [1]. It was argued that some of the objective in the draft WID, e.g., DCI-based mechanism in skipping PDCCH monitoring or switching PDCCH monitoring periodicity, may have potential RAN2 impact and it is proposed to discuss this in RAN2. This contribution discusses the potential RAN2 impact to DCI-based mechanism in skipping PDCCH monitoring or switching PDCCH monitoring periodicity.
2. Discussion
2.1. Evaluation of power saving gain
In power saving TR [2], there are lots of simulation results for power saving gain of DCI-based mechanism in skipping PDCCH monitoring and switching PDCCH monitoring periodicity. The observations in TR is as follows:
	Reduction of PDCCH monitoring can also be achieved with explicit/implicit information for UE to skip monitoring PDCCH.  A related approach, such as power saving signal/channel triggering/enabling PDCCH monitoring or “go-to-sleep” signaling where the gNB can signal the UE to go to the DRX OFF state or skip the PDCCH monitoring, is considered.   Power saving gain in the range of 9%~83% is observed, with latency increase in the range of 0.1%~75% and overhead of 0% - 1% with one source showing 124% latency increase. Generally, the gain is higher for scenarios with CDRX configuration with larger DRX inactivity timer duration and for lower traffic load, and higher latency increase is associated with higher gain.
PDCCH monitoring periodicity configurations can be dynamically adapted based on explicit/implicit signaling, and works with or without C-DRX.  The power saving gain over the agreed baseline in the range of 5% ~ 63.8% is observed, with latency increase in the range of 1.25% ~ 38% and overhead 0% -1.3 %.   One source shows 85% power saving gain with latency 118%.  The high latency is due to the not-fully-flexible PDCCH monitoring.  If non-adaptive PDCCH periodicity is applied, one source shows 32% - 50% power saving gain subject to 56% - 116% latency increase. Generally, the larger the PDCCH monitoring periodicity, the larger the power saving gain but the associated latency increase would be higher.


Observation 1: The power saving schemes for DCI-based mechanism in skipping PDCCH monitoring and switching PDCCH monitoring periodicity shows 5% - 85% power saving gains with tolerable latency increase.
2.2. DCI-based mechanism in skipping PDCCH monitoring
Depending on the RAN1 discussions, there are two use cases (or two sub-schemes) for DCI-based mechanism in skipping PDCCH monitoring as follows. 
Use case 1: DCI based GTS (Go-to-sleep) to skipping PDCCH monitoring in a period without impact on DRX inactivity timer
This is a general use case for DCI-based mechanism in skipping PDCCH monitoring, no matter CDRX is configured or not. In this scheme, when receiving GTS, UE skips PDCCH monitoring in a coming time period, e.g., the following X slots or X ms. X can be configured by RRC signalling or X is indicated by GTS. GTS will take effect no matter C-DRX is configured or not. That is to say,  if GTS is received and C-DRX is configured, no impact on the current C-DRX mechanism, i.e., no impact to the inactivity timer or onDuaration timer. 

Use case 2 : DCI to stop DRX-inactivity timer and onDurationTimer
This is a specific use case for DCI-based mechanism in skipping PDCCH monitoring, and this use case is restricted to CDRX. In this scheme, when receiving DCI based GTS, UE stops ongoing DRX-inactivity timer and onDurationTimer. This is similar to current MAC CE based scheme. The benefit from changing MAC CE based GTS to DCI based GTS could be the reduction of signaling delay, thus UE can go-to-sleep as soon as possible.
Obseravtion 2: DCI-based GTS can be designed with or without impact to C-DRX procedure
· There is no impact to C-DRX procedure if DCI based GTS is used to indicate PDCCH skipping without stopping the ongoing  DRX-inactivity timer or onDurationTimer
· There is impact to C-DRX procedure if DCI based GTS is used to stop the ongoing DRX-inactivity timer and onDurationTimer
2.3. Switching PDCCH monitoring periodicity
Regarding switching PDCCH monitoring periodicity, the following is captured in TR:

Configuration of different PDCCH periodicities with dynamic signaling.

In this scheme, DCI can indicate the PDCCH monitoring periodicity, or different PDCCH monitoring periodicities is configured by RRC and DCI can trigger which PDCCH monitoring periodicity to be used. It is noted that PDCCH monitoring periodicity, duration and offset can be configued per search space by RRC signalling in Rel-15. Compared with RRC based configuration the Rel-15 scheme, switching PDCCH monitoring periodicity by DCI can support more dynamic adaptation to the traffic variation. There can be two options for dynamic switching of PDCCH monitoirng periodicity. 
Option 1 : Switching PDCCH monitoring periodicity without BWP switch
In this option, UE can be explicitly indicated by DCI to swtich between different PDCCH monitoring periodicities, without BWP switch. This option does not require UE capability to support dynamic BWP switching. 
Option 2: Switching PDCCH monitoring periodicity along with BWP switch
In this option, UE is configured with different PDCCH monitoring periodicities for different BWPs and the PDCCH monitoring behavior is adapted through BWP switching. UE supporting of dynamic BWP switching is a pre-requisite of  this option. In one extreme case, a dormant BWP (i.e. BWP without PDCCH monitoring as supported in Rel-15) can be configured for power saving purpose on an Scell and UE can be cross-carrier indicated to switch from such dormant BWP to a regular BWP (with PDCCH monitoring).
For both options, the PDCCH monitroing behavior is not much different from Rel-15 based on the determined monitoring peridoicity and there is no change of C-DRX behavior, i.e. UE only monitors PDCCH during DRX onDuration according to the detetermined monitoring periodicity.  
Observation 3: There is no impact to C-DRX procedure due to switching PDCCH monitoring periodicity.  
RAN1 also discussed UE assistance information and RAN1 propose that PDCCH monitoring periodicities can be reported by UE, esspecially for some uplink initiated services. From RAN2 point of view, we should study the signaling feasibility of UE assistance information including PDCCH monitoring periodicity.
Proposal 1: RAN2 to study the signaling feasibility of including PDCCH monitoring periodicity in UE assitance information.

3. Conclusion
In this contribution, we discussed the RAN2 impact to DCI-based mechanism in skipping PDCCH monitoring or switching PDCCH monitoring periodicity. Based on the discussions, we have the following proposals:
Observation 1: The power saving schemes for DCI-based mechanism in skipping PDCCH monitoring or switching PDCCH monitoring periodicity shows 5% - 85% power saving gains with tolerable latency increase.
Obseravtion 2: DCI-based GTS can be designed with or without impact to C-DRX procedure

· There is no impact to C-DRX procedure if DCI based GTS is used to indicate PDCCH skipping without stopping the ongoing  DRX-inactivity timer or onDurationTimer
· There is impact to C-DRX procedure if DCI based GTS is used to stop the ongoing DRX-inactivity timer and onDurationTimer
Observation 3: There is no impact to C-DRX procedure due to switching PDCCH monitoring periodicity.  
Proposal 1: RAN2 to study the signaling feasibility of including PDCCH monitoring periodicity as the one of UE assitant information.
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