[bookmark: Signet45]3GPP TSG RAN WG1 Meeting #102-e	R1-2005936
e-Meeting, August 17th – 28th, 2020



[bookmark: Source]Agenda item:	8.7.2
Source: 	Lenovo, Motorola Mobility
[bookmark: Title]Title: 	Potential enhancement to DCI based power saving adaptation
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In RAN #86, a new Work Item (WI) on UE power saving enhancements [1] was approved. Objectives applicable to connected-mode UEs are shown below:

1) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) 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.
b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS
In this document, we discuss potential paging enhancement in order to reduce unnecessary UE reception of paging DCI and/or paging messages for UE power saving.
Search space adaptation based power saving DCI
In Rel-16 NR-U, a UE can receive an indication of search space switching between two groups of configured search spaces via group-common PDCCH, e.g. DCI format 2_0. In addition, the UE can switch from monitoring search space sets with group index 0 to monitoring search space sets with group index 1 upon detecting a DCI format by monitoring PDCCH according to a search space set with group index 0. Further, the UE can switch back to the search space sets with group index 0 upon expiry of a search space switching timer where the search space switching timer is initially set to a value of the parameter searchSpaceSwitchingTimer-r16.
If a UE is configured with multiple values for one or more search space configuration parameters in a given search space configuration or multiple sets of search space configuration parameters in the given search space configuration, the UE can receive an indication of which parameter value(s) or which parameter set to apply in order to determine corresponding PDCCH monitoring occasion(s) via enhanced power saving DCI. That is, the search space parameter adaptation indication may be signaled together with a wake-up indication. This allows gNB to adapt the search space configuration in every DRX cycle.
For example, each of the search space configuration parameters, monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration, is configured with first and second values, where the first values of the parameters are applied together for low latency operation, e.g. span-based PDCCH monitoring, and the second values of the parameters are applied together for e.g. slot-based PDCCH monitoring. 
-	a PDCCH monitoring periodicity of  slots and a PDCCH monitoring offset of  slots, by monitoringSlotPeriodicityAndOffset
-	a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the CORESET within a slot for PDCCH monitoring, by monitoringSymbolsWithinSlot 
-	a duration of  slots indicating a number of slots that the search space set  exists by duration 
In another example, two sets of the search space configuration parameters can be configured for a search space set: 
· monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration
· monitoringSlotPeriodicityAndOffset2, monitoringSymbolsWithinSlot2, and duration2
Proposal 1: Study enhancement to power saving DCI to support adaptation of a search space configuration in every DRX cycle.
Scheduling based dynamic PDCCH skipping
In order to further reduce PDCCH monitoring during Active Time, multi-PDSCH/multi-PUSCH scheduling and scheduling based dynamic PDCCH skipping can be considered. In an example, if a UE detects a DCI format scheduling one or more PDSCHs or one or more PUSCHs on one or more slots, the UE may skip monitoring the DCI format (i.e. does not perform blind decoding of PDCCH candidates for the DCI format) on a certain set of PDCCH monitoring occasions for the DCI format. The set of PDCCH monitoring occasions not to be monitored may be determined based on scheduling information in the detected DCI, a scheduling offset value (e.g. K0/K2), the minimum scheduling offset values for PDSCH and PUSCH (K0_min/K2_min), and/or an indication of whether out-of-order scheduling is allowed. 
For example, in Figure 1, the UE detects the first DCI (i.e. PDCCH 0) on slot 0 scheduling PDSCHs 0-2 on slots 2, 3, and 4, respectively. With K0,min equal to 2, the UE can be scheduled on slot 3 via a PDCCH the latest on slot 1. Similarly, the UE can be scheduled on slot 4 via a PDCCH the latest on slot 2. Since the UE has already been scheduled with PDSCHs 2 and 3 on slots 3 and 4, respectively, the UE skips monitoring of the DCI format on slots 1 and 2 (if configured and/or if dynamically indicated for skipping). Once the UE detects the second DCI (i.e. PDCCH 1) on slot 4 scheduling PDSCH 3 on slot 7, the UE skips monitoring of the DCI format on slot 5, the latest slot where the UE can receive a PDCCH scheduling a PDSCH on slot 7. Similarly, upon detecting the third DCI (i.e. PDCCH 2) on slot 6 scheduling PDSCH 4 on slot 9, the UE skips monitoring of the DCI format on slot 7, the latest slot where the UE can receive a PDCCH scheduling a PDSCH on slot 7.  
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Figure 1 Examples of skipping of DCI monitoring based on PDSCH scheduling information and the minimum applicable K0 (K0, min) for the active DL BWP

Proposal 2: Study necessary enhancement to support multi-PDSCH/multi-PUSCH scheduling.
Proposal 3: Study scheduling based dynamic PDCCH skipping during Active Time for power saving mode UE.
Conclusion
In summary, we propose the followings for Rel-17 NR UE power saving enhancement for connected mode UEs:
· Proposal 1: Study enhancement to power saving DCI to support adaptation of a search space configuration in every DRX cycle.
· Proposal 2: Study necessary enhancement to support multi-PDSCH/multi-PUSCH scheduling.
· Proposal 3: Study scheduling based dynamic PDCCH skipping during Active Time for power saving mode UE.
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