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Introduction
[bookmark: _Hlk53783455]Work Item (WI) on UE power saving enhancements has the following objectives applicable to connected mode UEs [1]:
2) 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
[bookmark: _Hlk53780111]During RAN1 #102-e meeting, RAN1 agreed with many details of evaluation assumptions to study enhanced DCI-based power saving adaptation during DRX active time. Some of agreements are shown below [2]:
Agreements:
· The performance metrics described in TR38.840 section 8.2 is reused for power saving evaluation of Rel-17 DCI-based power saving adaptation during ActiveTime.
· The following Rel-15 / 16 features is recommended of the power consumption as reference for baseline. Company can report the feature(s) being used in the baseline.
· DRX
· C-DRX cycle 40msec for VoIP
· 10ms IAT, 8ms On-duration
· Assume max two packets bundled
· C-DRX cycle 160msec for FTP
· Alt 1: 20 msec IAT, 8ms On-duration
· Alt 2: short DRX
· 20 ms [or 40ms as optional] IAT, 8ms On-duration
· 20 ms for short DRX cycle, 4 cycles
· Note: 100 msec IAT, 8ms On-duration can also be used with sufficient justifications that available Rel-15/16 Techniques being used to reduce UE power saving
· DCP for DRX adaptation,
· DCP offset  to DRX ON = 2 ms, other values are not precluded
· Cross-slot scheduling adaptation
· Minimum K0 can be adapted from 0 to 1 for FR1, 0 to [4] for FR2
· BWP switching, including
· MIMO layer adaptation,
· Max # of MIMO layer can be adapted from 4 layer to 2 layer for FR1, 2 layer to 1 layer for FR2
· PDCCH monitoring period adaptation
· PDCCH monitoring period can be adapted from per slot monitoring to X slot monitoring
· X = [2] for FR1 and [8] for FR2
· Bandwidth adaptation
· Bandwidth can be adapted from 100MHz to 20MHz for FR1,FFS for FR2
· Note: 
· BWP transition time type 2 is assumed, BWP transition duration is
· 5 slot @ 30kHz SCS for FR1, 
· 18 slot@120kHz SCS for FR2
· the slot-average power level for BWP transition duration is according to TR38.840
· BWP transition time type 1 can be optional modelled
· BWP switching is Y (ms) after last packet/data burst. 
· Y = [8], other values are not precluded
· Whether BWP switching is modeled depends on the assumed UE capability and evaluated schemes.
· Scell dormancy assumption for CA capable UEs
· FR1 & FR2: SCell dormancy with [160 ms] periodic CSI measurement and reporting
· Other settings
· CA assumption if configured for CA capable UEs
· For FR1, FFS
· For FR2, 4*100MHz can be considered.
· Assumptions for scheduler
· For FR1, no restriction on the beam assumptions being used in each slot
· For FR2, up to each company, e.g., gNB equally schedule the slots for UEs targeting to different beams. 
· Note: the assumptions does not necessary mean to restrict or precluded any implementation. Other assumptions are not precluded and can be reported by companies.
· Company to report the used assumption for the interruption and also power savings impact due to presence/absence of interruptions.

In this document, we discuss potential enhancements of DCI-based power saving adaptation during DRX active time. This document is updated from R1-2005936.
Search space adaptation based on 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 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 two 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
An exemplary enhanced power saving DCI format (e.g. DCI format 2_6x) is provided below:
 (
DCI format 2_6
x
 is used for notifying the power saving information 
outside DRX Active Time 
for one or more UEs
. 
The following information is transmitted by means of the DCI format 2_6x with CRC scrambled by PS-RNTI:
-
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, one block is configured for the UE by higher layers, with t
he following fields defined for the block:
-
W
ake-up 
indication
 - 1 bit
-
S
C
ell dormancy
 
indication
 – 0 
bit if high
er
 layer parameter 
Scell-groups-for-dormancy-outside-active-time
 is not configured
 
(including a reduced capability UE that does not have carrier aggregation capability)
; 
otherwise 1, 2, 3, 4 or 5 bits bitmap 
determined according to higher layer parameter 
Scell-groups-for-dormancy-outside-active-time
, 
where ea
ch bit corresponds to one of the SCell group(s) configured by higher layers parameter 
Scell-groups-for-dormancy-outside-active-time
,
 with MSB to LSB of the bitmap corresponding to the first to last configured SCell group
.
-
Search space parameter 
indication
 – 0 
bit if high
er
 layer parameter 
searchSpaceAdaptationList
 is not configured; 
otherwise 1, 2, 3, 4 or 5 bits bitmap 
determined according to higher layer parameter 
s
earchSpaceAdaptationList, 
where each bit corresponds to one of search space set
s (or one of groups of search space sets)
 configured by higher layers parameter 
searchSpaceAdaptationList,
 with MSB to LSB of the bitmap corresponding to the first to last 
s
earch space set
 (or the first to last group of search space sets)
 in 
searchSpaceAdaptationList
. A value ‘0’ for a bit of the bitmap indicates using a first parameter set for a search space set
 (or a group of search space sets)
, and a value ‘1’ for the bit of the bitmap indicates using a second parameter set for the search space set
 (or the group of search space sets)
.
  
)Format 2_6x

Proposal 1: Support adaptation of a search space configuration in every DRX cycle via enhanced power saving DCI.
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/PUSCH 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, assuming that out-of-order scheduling is not allowed and a PDCCH monitoring occasion is configured in every slot, UE’s PDCCH monitoring can be dynamically adjusted as follows: 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.  

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: Support 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: Support adaptation of a search space configuration in every DRX cycle via enhanced power saving DCI.
· Proposal 2: Study necessary enhancement to support multi-PDSCH/multi-PUSCH scheduling.
· Proposal 3: Support scheduling based dynamic PDCCH skipping during Active Time for power saving mode UE.
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