Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG RAN WG1 #102	Tdoc R1-2006668
e-Meeting, August 18th – 28, 2020

Agenda Item:	8.7.2 
Source:	Ericsson
Title:	Discussion on potential enhancements for power savings during active time
Document for:	Discussion and Decision

1		Introduction
In this paper, we discuss aspects related to below objective regarding potential enhancements for power savings during active time for the Rel-17 UE power savings WI.
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.
[bookmark: _Ref178064866]2	Rel-15/16 UE power saving techniques
Rel-15 design includes several techniques for UE power consumption improvements (including DRX, BWP, etc). In Rel-16, several additional power saving techniques were specified in the WI on power savings and other topics (TEI in RAN2, NR-U, etc). Below, we provide a short summary of some of these techniques.
1. DRX cycle including long and short DRX
CDRX is a key feature in NR. Using CDRX, the NW could send the UE to sleep state periodically and thus, saving UE power. There are lot of configurability in DRX settings to tradeoff UE power savings vs latency/throughput performance including short DRX cycle coupled with a shorter IAT setting. 
2. Bandwidth part switching
Since Rel. 15, the UE can be configured with more than one bandwidth parts (BWPs). This feature can be exploited for power-saving, for example, by configuring one BWP with a denser PDCCH MO and another BWP with a sparser PDCCH MO. The UE can first be in the BWP that has a sparser PDCCH MO (sparser BWP) to wait for the data burst to arrive. When the data burst arrives, the NW switch UE to the BWP with a denser PDCCH MO (denser BWP). After the data burst finishes, the UE can be switched back to the BWP with a sparser PDCCH MO. 
3. Wake-up signal
In Rel.16, WUS is introduced to reduce PDCCH monitoring during the on-duration of the DRX cycle. Instead of monitoring the whole on-duration during the DRX-cycle, a UE configured with WUS only needs to wake-up to monitor WUS during WUS monitoring occasions in each DRX-cycle. Because the duration of WUS is typically shorter compared to the on-duration and the WUS can be monitored using a more efficient receiver set-up, WUS could notably reduce power-consumption, at least in some scenarios.
4. Cross-slot scheduling
In cross-slot scheduling enhancement, the UE knows in advance a minimum scheduling offset between the PDCCH and its respective assignment/grant, and thus, the UE can better utilize micro-sleep opportunities (i.e. the UE could turn off its RF part right after symbols which may contain PDCCH and also could relax its PDCCH decoding process). 
5. SCell dormancy 
In Rel. 16,SCell dormancy indication, the UE could omit monitoring PDCCH in the SCell (e.g. when in dormant BWP) while other operations such as beam management, CSI reporting are continued. When the NW wishes to use that SCell for data transmission, it can send an indication on PCell to quickly bring the SCell back (dormant BWP to non-dormant BWP) and start scheduling data on the Scell. 
6. Secondary DRX
In Rel. 15, FR1 and FR2 share the same CDRX parameters. In Rel. 16, secondary CDRX is introduced to allow FR2 and FR1 carriers in a CA scenario to have the separate configuration for IAT and on-duration. NW can configure the FR2 part of the UE to have shorter on-duration and IAT, for better power savings.
7. SS-set group switching
In NR-U, SS-set group switching (SSGS) feature was introduced by which UE can be configured to switch between sparse and frequent PDCCH monitoring. This feature can be used for power saving, for example, when the UE waits for a data burst to arrive, it can be in a sparse PDCCH monitoring state (saving power) and it can switch to a denser PDCCH monitoring when the data burst arrives. In SSGS there are two switching mechanisms that can be used. 
An explicit switching of two SS groups is done through detection of DCI format 2_0. First, the UE is configured with the RRC parameter searchSpaceSwitchTrigger-r16. The SS-set group switching field is one bit in size, where a bit value of zero indicates one group (group0) and a value of one indicates the second group (group1). The switching mechanism is shown in below figure.
[image: ]
Figure 1. Explicit SS-set group switching mechanism.
Implicit switching happens when the UE is not configured with RRC parameter searchSpaceSwitchTrigger-r16, as represented in the below figure, where a timer/DCI (not limited to 2-0) detection is used to switch states.
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Figure 2. Implicit SS-set group switching mechanism.
SS-set group switching can be exploited to reduce the PDCCH MOs in several possible ways. Two examples are shown in figures 3 and 4. Switch from dense to sparse PDCCH MOs and vice versa based on data burst arrival/end as shown in Figure 3, or by mimicking ‘PDCCH skipping’ functionality as shown in Figure 4. 
[image: ]
Figure 3. SS-set group switching mechanism between sparse and dense PDCCH monitoring.
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Figure 4. SS-set group switching mechanism between dense PDCCH monitoring and SS with 0 PDCCH monitoring
8. Other power savings schemes
[bookmark: _Toc47707431]There are several other schemes such as flexible PDCCH monitoring configurations (from Rel-15), MIMO layer adaptation (Rel-15, and per-BWP in Rel-16), relaxed UE measurements and UE assistance framework (developed by RAN2 in Rel-16 UE PS), etc. 
3	Potential enhancement for Rel. 17 
We discuss aspects to study and evaluate regarding potential enhancements for power savings during active time. 
3. 1	Evaluation related aspects
The evaluation on power saving of the additional feature (or feature extension), therefore, should consider the currently available UEPS features from Rel-15/16 as baseline mechanisms and should strive to minimize developing schemes that can already be achieved with existing techniques.  
Proposal 1 [bookmark: _Toc47731201]As a baseline, Rel-15/16 power savings mechanisms including the following should be considered for evaluating the gain of potential Rel-17 enhancements for power savings during active time.
a. [bookmark: _Toc47731202]Long  and short DRX and associated MAC command CEs
b. [bookmark: _Toc47731203]BWP switching
c. [bookmark: _Toc47731204]WUS
d. [bookmark: _Toc47731205]Cross-slot scheduling
e. [bookmark: _Toc47731206]SCell dormancy
f. [bookmark: _Toc47731207]Secondary DRX
g. [bookmark: _Toc47731208]Search space set group switching 

The evaluations should assess both additional UE power savings gains and impact on system performance/latency/overhead. Such exercise was done for Rel-16 evaluations and the same principle should be adopted for evaluating schemes for Rel-17. Any additional traffic models for consideration should have good justification. 
Proposal 2 [bookmark: _Toc47731209]UE power savings vs. system performance/latency/overhead impact should be considered as part of evaluation of potential enhancements for power savings during active time.
Another key aspect to clarify during the study is whether a given scheme where transitions are involved from power savings state to regular state result in interruptions during such transitions/switching. If needed, RAN4 feedback should be taken at early stage of the study. The evaluations should consider the extent of power savings considering impact from such interruptions (or not). Ideally, such switching should not require interruptions, especially for primary cell operation.
Proposal 3 [bookmark: _Toc47731210]It should be clarified whether a scheme evaluated for potential enhancements for power savings during active time entails an interruption or not. 
a. [bookmark: _Toc47731211]Corresponding impact on UE power savings and system performance should be included in the evaluations. 
b. [bookmark: _Toc47731212]If needed, RAN4 feedback should be taken at early stage of the study.
3. 1	Potential enhancements 
Firstly we note there are several mechanisms for Scell power savings such as Scell dormancy, Secondary DRX and Search space set switching. Thus, the focus of the evaluations can be toward any techniques for the primary cell noting the latency/system performance impacts need to be carefully considered as it can directly impact user experience. 
Some potential enhancements that can be studied include the following: 
· Extensions to Rel-16 SS set group switching mechanism
· Use of explicit field in scheduling DCI formats (e.g. DCI 0-1/1-1) to indicate SS set group switching. Currently the explicit switching functionality can be supported using DCI 2-0. Extending the functionality to other scheduling DCI formats can be considered. 
· Whether SS set group switching can be supported for FR2 can be considered.  

· Extending WUS to control short DRX on durations
· Currently WUS applies only to long DRX on durations only. Allowing WUS for short DRX was discussed in detail for Rel-16 but was not agreed, and hence it can be considered. 
Conclusion
We propose the following proposals. 
Proposal 1	As a baseline, Rel-15/16 power savings mechanisms including the following should be considered for evaluating the gain of potential Rel-17 enhancements for power savings during active time.
a.	Long  and short DRX and associated MAC command CEs
b.	BWP switching
c.	WUS
d.	Cross-slot scheduling
e.	SCell dormancy
f.	Secondary DRX
g.	Search space set group switching
Proposal 2	UE power savings vs. system performance/latency/overhead impact should be considered as part of evaluation of potential enhancements for power savings during active time.
Proposal 3	It should be clarified whether a scheme evaluated for potential enhancements for power savings during active time entails an interruption or not.
a.	Corresponding impact on UE power savings and system performance should be included in the evaluations.
b.	If needed, RAN4 feedback should be taken at early stage of the study.
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