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Introduction
It was agreed in RAN#86 [1], the objectives of the UE power saving includes the following:
	1) [bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK150][bookmark: OLE_LINK151]Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) [bookmark: OLE_LINK152][bookmark: OLE_LINK153]Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.


From above, extension(s) to R16 DCI-based power saving adaptation during DRX Active Time for an active BWP need to be further specified. The possible adaptation technology includes PDCCH monitoring reduction when C-DRX is configured.
In R16, PDCCH monitoring reduction issues were already discussed and two main methods were raised [2]: 
· PDCCH skipping
· PDCCH monitoring periodicity switching
In this contribution, we discuss these two methods.

PDCCH skipping
In our understanding, the PDCCH skipping mechanism can be illustrated by Figure 1, a signaling can indicate the UE to skip PDCCH monitoring in a duration. 


Figure 1: PDCCH monitoring skipping
For PDCCH monitoring skipping, RAN1 power saving study already shows the benefit of it [3], the power saving gain is described 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. 


From above, PDCCH skipping brings significant power saving gain.
However, some companies thought the PDCCH skipping seems duplicating function of DRX command in MAC CE. The Pros and Cons of the PDCCH skipping and DRX command in MAC CE are provided in the following table.
	
	Pros
	Cons

	PDCCH skipping
	Efficient (no need to decode PDSCH);
Not override MAC operations;
	Need DCI bit(s);
No ACK/NACK feedback;

	DRX command in MAC CE
	No DCI modification;
Has ACK/NACK feedback;
	Less efficient;
Stop the timer;


It can be observed from the above table these two methods have their Pros and Cons respectively. 
Moreover, the PDCCH monitoring reduction has been discussed in RAN2 in R16 [4], and the discussion result is positive to be supported in RAN1 spec. From RAN2 conclusion, DRX command in MAC CE can operate jointly with PDCCH skipping.
Proposal 1: Consider to specify PDCCH skipping.

PDCCH monitoring periodicity switching
The intention of the PDCCH monitoring periodicity switching is to trigger the UE to switch the PDCCH monitoring periodicity, e.g. changing into a lager periodicity, to save power. An example is shown in figure 2.


Figure 2: PDCCH monitoring periodicity switching
For PDCCH monitoring periodicity switching, RAN1 power saving study also shows the benefit of it [3], the power saving gain is described as follows:
	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.


From above, PDCCH monitoring periodicity switching also brings significant power saving gain, and some latency increase can be observed. 
PDCCH monitoring periodicity switching also refers to the search space set group switching function, and this function can be realized by:
· BWP switching.
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Explicit or implicit triggering within an active BWP.
As described in [2], PDCCH monitoring periodicity switching through BWP switch (e.g. with only search space configuration difference) is a considerable way. But this method may lead to more frequent BWP switching, and have some impact on the RAN4 spec (i.e. smaller BWP switching delay).
Another way is explicit or implicit triggering within an active BWP, this is already specified for NR-U [5], and the related specifications are described as follows:
	If a UE is provided by SearchSpaceSwitchTrigger-r16 a location of a search space set group switching flag field for a serving cell in a DCI format 2_0, as described in Clause 11.1.1; 
-	if the UE detects a DCI format 2_0 and a value of the search space set group switching flag field in the DCI format 2_0 is 0, the UE starts monitoring PDCCH according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format 2_0
-	if the UE detects a DCI format 2_0 and a value of the search space set group switching flag field in the DCI format 2_0 is 1, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, on the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format 2_0, and the UE sets the timer value to the value provided by searchSpaceSwitchingTimer-r16
-	if the UE monitors PDCCH on a serving cell according to search space sets with group index 1, the UE starts monitoring PDCCH on the serving cell according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell at the beginning of the first slot that is at least  symbols after a slot where the timer expires or after a last symbol of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0
If a UE is not provided SearchSpaceSwitchTrigger-r16 for a serving cell,
-	if the UE detects a DCI format by monitoring PDCCH according to a search space set with group index 0, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, on the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format, the UE sets the timer value to the value provided by searchSpaceSwitchingTimer-r16 if the UE detects a DCI format by monitoring PDCCH in any search space set
-	if the UE monitors PDCCH on a serving cell according to search space sets with group index 1, the UE starts monitoring PDCCH on the serving cell according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell at the beginning of the first slot that is at least  symbols after a slot where the timer expires or, if the UE is provided a search space set to monitor PDCCH for detecting a DCI format 2_0, after a last symbol of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0
A UE determines a slot and a symbol in the slot to start or stop PDCCH monitoring according to search space sets for a set of serving cells, provided by searchSpaceSwitchingGroupList-r16, based on the smallest SCS configuration  of the active BWPs in the set of serving cells and, if any, in the serving cell where the UE receives a PDCCH and detects a corresponding DCI format 2_0 triggering the start or stop of PDCCH monitoring according to search space sets.


The above mechanism has advantage of robust due to protection of timer. When reusing this mechanism for eMBB and for power saving purpose, some modification may be needed.
Considering the power saving gain, we suppose PDCCH monitoring periodicity switching should be considered in Rel.17 and the details need further study.
Proposal 2：Consider to specify PDCCH monitoring periodicity switching. 

[bookmark: _Ref494215420]Conclusion
Based on the analyses and discussions, we have the following observations and proposals:
Proposal 1: Consider to specify PDCCH skipping.
Proposal 2：Consider to specify PDCCH monitoring periodicity switching. 
[bookmark: _GoBack]
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