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Discussion and decision
1 Introduction
In RAN1 #95 [1], the following were agreed. 
	Agreements:

RAN1 to study further following:

· UE switching to micro sleep after PDCCH reception 

· Cross-slot scheduling    

·  Minimum K0 > 0 and aperiodic CSI-RS triggering offset is not within the duration - UE could switch to micro sleep right away after PDCCH reception – no addition PDSCH and CSI-RS signals reception within the given duration (e.g. the same slot)

· It is known to the UE at PDCCH decoding

· Extended micro sleep time and reduce the PDCCH processing in reducing UE power consumption 

· FFS: whether minimum K2 > 0 is essential to avoid the requirements of fast PDCCH processing 

· Same slot scheduling 
· Adaptation of TDRA configurations to achieve UE power saving – ensure the gap between PDCCH reception and PDSCH transmission known to the UE

· Adjustment of TDRA configuration

· Selection of TDRA entry in the TDRA table (e.g. K0 > 0)

· Note: cross-slot scheduling could be incorporated in the TDRA configuration

· FFS: Power model for TDRA power saving scheme

· Multi-slot scheduling – PDCCH decoding in one slot (e.g., one DCI, multiple DCI) supports scheduled PDSCH/PUSCH transmission over multiple slots.     

· Achieving UE power consumption reduction by potentially skipping PDCCH monitoring at subsequent slots of PDSCH/PUSCH transmission.     

· Other approach(es) not precluded

Companies are enouarged to perform more analysis/evaluations for the above schemes

Agreements:

For power saving scheme with UE adaptation to the DRX operation for further study
·  UE adaptation of its behavior to the DRX operation for UE power consumption reduction

· Power saving signal as the signal for the indication whether to wakeup or not before or at the beginning of DRX ON duration

· At least for the indication of PDCCH monitoring
· Preparation period in advance of DRX ON, e.g., to perform channel tracking, CSI measurements, beam tracking, in preparation for the PDCCH decoding 

· Go-to-sleep signaling as the indication allowing UE going back to sleep state

· Constraints on scheduling DCI during DRX_ON

· Dynamic DRX configuration – parameters could be dynamic adapted to the traffic arrival

· Dynamic selection of DRX configuration from multiple DRX configurations to adapt to the traffic arrival

· Adaptive parameters setting of one DRX configuration 

Other power saving schemes with UE adaptation to the DRX operation are not precluded.

Note: UE background processing, e.g.,periodic RRM/CSI measurements, beam management, RLM, time/frequency tracking,  needs to be studied in accordance to UE adaptation to DRX operation.

Agreements:

The UE power power saving schemes for the UE adaptation in frequency domain for further study are as follows, 

· BWP -  UE adaptation to different BWP

· RS to assist UE channel tracking and measurements to assist BWP switching  

· Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching

· Association of BWP and DRX configuration

· CA/DC – 

· Quick activation/de-activation (e.g.,L1 signaling, MAC CE enhancement) 

· Adaptation of PDCCH monitoring/search space on activated SCell 

· Power adaptation based on the operation in a group of cell in power efficient way

· CSI/RRM measurements and beam management at non-active SCell

Other power saving schemes with UE adaptation in frequency domain are not precluded.

Agreements:

RAN1 to further study the following, 

· The power saving schemes of indicated processing time of K0, K1, K2 and aperiodic CSI-RS offset in advance allows the UE in staying low power consumption state for the UE power saving.  

· Other schemes are not precluded

Agreements:

The power saving schemes to reduce PDCCH monitoring and blind decoding for further studies are as follows,

· Triggering of PDCCH monitoring – dynamic trigger through L1 signal/signaling

· Power saving signal triggering PDCCH monintoring

· Go-to-sleep signaling to skip PDCCH monitoring

· PDCCH skipping - 

· DCI based indication for PDCCH skipping (e.g., indication in DCI content, new SFI state).

· L1 signal/signaling (other than DCI) based triggering  -

· Mulitple CORESET/search space configurations 

· Configuration of different PDCCH periodicities with dynamic signaling

· Adaptation of CORSET/search space configuration – DCI/timer/HARQ-ACK based indication 

· Dynamic/semi-persistent CORSET/search space ON/OFF

· Adaptation between DRX ONduration timer and inactivitytimer

· Separated PDCCH monitoring of DL and UL

· L1 signaling triggering to assist  UE in reducing the number of PDCCH blind decoding – 

· Reduced PDCCH monitoring on SCell (including cross carrier scheduling)

· Network assistance –  RS is dynamically transmitted based on the need to assist UE performing synchronization, channel tracking, measurements and  channel estimations before PDCCH decoding 

Other power saving schemes for the reduction of PDCCH monitoring and blind decoding are not precluded.

Agreements:

The UE assistance information for the power saving schemes for further studies are as follows,

·  UE assistance information/feedback to assist network in configurations for UE adaptation

· UE preferred processing timeline parameters, e.g., K0, K1, K2 values

· UE preferred BWP information/configuration

· UE preferred antenna configuration, including MIMO layers, antenna panel awareness information

· UE assistance/feedback on the DRX configurations/parameters

· UE preferred BWP provided to assist network in BWP switching

· UE request on SCell/SCG activation/de-activation/configuration

· UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind decoding
Other UE assistance information for the power saving schemes is not precluded.


In the following, Rel-15 network and power saving mechanisms and their potential enhancements through adaptation of various UE transmission/reception configurations are considered in the temporal/frequency/spatial domains in order to improve power efficiency to variations in traffic demand/channel condition/link quality/UE status.

The performance for different UE adaptation schemes, including power saving gain and scheduling delay, are evaluated according to agreed assumptions in [2].

2 Time Domain Schemes
2.1 Adaptive PDCCH monitoring

Unlike LTE where a UE has fixed PDCCH monitoring occasions, NR supports duty-cycle based PDCCH monitoring with configurable PDCCH candidates and configurable monitoring periodicity and duration per search space set. However, reconfiguration of parameters for search spaces sets is by RRC signaling and therefore has limited applicability for adapting to dynamic traffic patterns. When the buffer status or the channel conditions for a UE change, it can be beneficial to either increase or decrease PDCCH monitoring frequency (including skipping PDCCH monitoring). Both can have an impact on UE power consumption either by increasing PDCCH monitoring to reduce a time required to complete a session (e.g. buffer increases or channel conditions improve) or by decreasing (including skipping) PDCCH monitoring (e.g. buffer is empty or channel conditions deteriorate and UE may not be scheduled at least in some search space sets).

One potential UE power savings from adaptation to PDCCH monitoring can be dynamic scaling of PDCCH monitoring configuration parameters in time domain, such as 

· the periodicity or duration per configured search space set

· (de)activation of search space set(s)

FIGURE 1 shows the power saving gains and the scheduling latency for adaptation on search space configuration, including PDCCH monitoring period, i.e. T_PDCCH, and duration, i.e. D, based on agreed assumptions in Appendix.
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(a) Power saving gain                                                  (b) Scheduling delay
(aFIGURE 1: Simulation on PDCCH monitoring adaptation
(Relative to baseline: T_PDCCH = 0.5ms, D = 0.5 ms)
Observation 1: UE achieves power saving gains as the PDCCH monitoring periodicity increases and duration decreases, while there is a trade-off between power saving gain and scheduling latency on adaptation of search space configuration.
The power consumption can be reduced further by avoiding PDCCH monitoring only period. In this case, a power saving signal (PoSS) with size of at least 1 bit is needed for triggering dynamic PDCCH monitoring. The PoSS can be configured with monitoring periodicity equal to PDCCH periodicity, i.e. T_PoSS = T_PDCCH, and convey the message as following:

· If PoSS = 1, it indicates an effective PDCCH cycle, such that the buffer is not empty and UE performs normal PDCCH blind decoding to get necessary information of scheduled packet;
·  if PoSS = 0, it indicates an ineffective PDCCH cycle, then UE can skip monitoring associated PDCCH cycle and go to sleep to save power. 
FIGURE 2 shows the power saving gains and associated scheduling delay for dynamic PDCCH monitoring with 1 bit PoSS based on agreed assumption in the Appendix. Additional detection overhead of 10 units/slot on PoSS monitoring is considered in the simulation.
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(a) Power saving gain                                                  (b) Scheduling delay

aFIGURE 2: Simulation on dynamic PDCCH monitoring triggered by 1 bit PoSS
(Relative to baseline: T_PDCCH = 0.5ms, D = 0.5 ms)

Observation 2: UE achieves at least 40% power saving gain when a 1 bit PoSS triggers dynamic PDCCH monitoring, where the power saving gain is from micro/light/deep sleep when PoSS monitoring periodicity is larger than 0ms/6ms/20ms, respectively. 
Another potential UE adaptation scheme associated with PDCCH monitoring can be a reduction on the PDCCH monitoring capability. For example, an adaptation request can be used to indicate to monitor a subset of CCE AL, for example, {1, 2, 4}, when the link quality is good. This can also assist with the limitation in the number of non-overlapping CCEs that a UE can monitor and reduce blocking. aFIGURE 3 shows the power saving gain with respect to the reduction of the PDCCH monitoring capability based on agreed assumption in Appendix.  
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aFIGURE 3: Power saving gain on reduction on blind decoding

(Relative to baseline: T_PDCCH = 0.5ms, D = 0.5 ms)

Observation 3: UE achieves up to 30% power saving gain with reduction on blind decoding.
Proposal 1: Support UE adaptation on PDCCH monitoring focusing on
· adaptation on search space configuration

· dynamic PDCCH monitoring triggered by PoSS with size of at least 1 bit
· reduction on PDCCH candidates
2.2 Enhancement to C-DRX

C-DRX operation is another mechanism for UE power savings as described in [3]. When a UE is in RRC_CONNECTED mode, the UE operates in C-DRX mode that is associated with parameters “On Duration” and “Inactivity Timer” (and others). During the “On Duration” period, the UE monitors PDCCH (attempts to detect DCI formats) in configured search space sets for a given slot. If the UE detects a DCI format scheduling a PDSCH reception or a PUSCH transmission during the “On Duration” period, the UE starts the “Inactivity Timer” and continues to monitor PDCCH until the “Inactivity Timer” expires and the UE goes into sleep mode. 
One potential source for UE power savings related to C-DRX can be the adaptation of the CDRX configuration parameters, such as the Inactivity Timer, long DRX cycle, On Duration Timer. aFIGURE 4 shows the power saving gain and scheduling delay with respect to different CDRX configurations based on agreed assumption in the Appendix.
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(a) Power saving gain                                                  (b) Scheduling delay

(aFIGURE 4: Simulation on adaptation of CDRX configuration

(Relative to baseline: DRX cycle:160ms, Inactivity timer:100ms, on Duration:8ms)

Observation 4: UE achieves power saving gain as the DRX cycle increases and Inactivity/On Duration Timer decreases, while there is a trade-off between power saving gain and scheduling latency on the adaptation of CDRX configuration.
UE power consumption can be further reduced by avoiding unnecessary wake-ups for the UE when it operates in DRX mode as illustrated in Figure 5. In this case, a power saving signal (PoSS) with size of at least 1 bit is needed to trigger dynamic network access. The PoSS can be configured with monitoring periodicity equal to DRX cycle, i.e. T_PoSS = T_DRX, and convey the message as following: 

· If PoSS = 1, it indicates an effective DRX cycle and the UE performs normal network access in active period within the associated DRX cycle;
· If PoSS = 0, it indicates an ineffective DRX cycle, and the UE can continue in a sleep/OFF period.
(aFIGURE 5 shows the power saving gain and associated scheduling delay on dynamic access control in CDRX mode based on agreed assumption in the Appendix. Additional detection overhead of 10 unit/slot on PoSS monitoring is considered in the simulation.
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(a) Power saving gain                                                  (b) Scheduling delay

(aFIGURE 5: Simulation on dynamic access control in CDRX mode

(Relative to baseline: DRX cycle:160ms, Inactivity timer:100ms, on Duration:8ms)
Observation 5: UE achieves more than 80% power saving gain at Inactivity timer of 10ms with dynamic access control based on 1 bit PoSS with same monitoring periodicity as the DRX cycle.
According to the results in Figure 5, with large CDRX cycle, e.g. 320ms, and large inactivity timer, e.g 100ms, the power saving gain from dynamic access control is very small. This happens because energy is wasted when UE wakes up for a relatively long active period but only receives one or a few packet(s). UE adaptation schemes proposed in Section 2.1 are applicable to reduce power consumption in this scenario. Adaptation of C-DRX parameters can also be achieved by BWP adaptation and configuration of BWP-specific, instead of cell-specific, C-DRX parameters.
Proposal 2: Support UE adaptation on C-DRX focusing on

· adaptation on CDRX configuration parameters
· dynamic access control triggered by PoSS with size of at least 1 bit
2.3 Cross/multi-slot scheduling

Cross-slot scheduling is supported in NR Rel-15. This can be beneficial for several functionalities including for UE power savings. A UE can perform light sleep (and/or switch a BWP) for a period indicated by the delay between scheduling PDCCH and the scheduled PDSCH/PUSCH reception/transmission, i.e. K0/K2. The dynamic indication of K0/K2 is jointly encoded in the DCI format with start symbol and duration of associated PDSCH/PUSCH occasions from predefined tables or PDSCH-TimeDomainResourceAllocation from RRC signaling.
A UE needs to buffer data/samples of an entire slot as the UE can decide micro sleep operation only after decoding all PDCCH candidates without detecting a DCI format scheduling data transmission/reception in the slot. In addition, the micro sleep period is constrained by the start of a next PDCCH monitoring occasion. The UE has to switch from sleep mode to regular active mode when the next PDCCH monitoring occasion starts, regardless of whether or not the scheduling timer of K0/K2 associated with current PDSCH/PUSCH expires. 
To enable power saving gains from cross-slot scheduling, a minimum scheduling time, i.e. N0/N2, can be introduced where any K0/K2 value indicated by a DCI format has to be larger than N0/N2. UE-triggered adaptation for the N0/N2 values can be also be supported for example based on the UE battery status. 
Based on agreed assumptions in the Appendix, 30% power saving gain is observed when the minimum scheduling delay increase from 0 ms to 0.5ms for FTP traffic with mean arrival of 200ms. BWP switching can be used to adapt to the K0/K2 values and can be up to network implementation (e.g. configure identical BWPs with different K0/K2 values).
Proposal 3: Support UE-triggered adaptation on minimum scheduling delay between PDCCH and PDSCH/PUSCH.
NR Rel-15 supports only a 1-to-1 mapping between scheduling grant in PDCCH and TB in PDSCH/PUSCH. LTE LAA supports a 1-to-N mapping between scheduling grant and TB (slot aggregation). In this way, UE power can be saved from reduced PDCCH monitoring; even though such power savings may not be substantial as the RF needs to stay on and the UE modem needs to perform PDSCH receptions, they are accumulative to the overall savings from skipping PDCCH decoding operations. Similar to other UE-assisted mechanisms for UE power savings, a slot aggregation factor can be indicated by the UE or be adapted by the gNB. Multi-slot PDSCH/PUSCH scheduling is also beneficial for PDCCH overhead reduction in CA where a scheduling cell (e.g. in FR1) schedules PDSCH/PUSCH in multiple slots (e.g. in FR2) of a scheduled cell. 
aFIGURE 6 shows the evaluation results on multi-slot scheduling, where maximum of N>=1 TBs is scheduled per PDCCH occasion, and PDCCH monitoring periodicity is scaled accordingly, such that T_PDCCH = N*T0, where T0 = 0.5ms is the reference PDCCH monitoring periodicity.
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(a) Power saving gain                                                  (b) Scheduling delay

(aFIGURE 6: Simulation on multi-slot scheduling

(Relative to baseline: 1 TB per PDCCH occasion at T_PDCCH = 0.5ms)

Observation 6: UE achieves power saving gain as the number of TBs per PDCCH occasion increases while the scheduling delay is relatively small compared with direct adaptation on PDCCH monitoring periodicity. 
Proposal 4: Support adaptation on slot aggregation factor for 1-to-N mapping between scheduling DCI format and TBs.

2.4 HARQ A/N feedback
NR Rel-15 supports semi-static and dynamic HARQ-ACK codebook determination. For the semi-static HARQ-ACK codebook, a UE provides HARQ-ACK information for a set of PDSCH reception occasions in one PUCCH or PUSCH transmission and UE determines a HARQ-ACK codebook size by a set of slot timing values K1. The UE can be provided the set of slot timing values K1 by a higher layer parameter, dl_DataTo_UL_ACK, for DCI format 1_1. A set of slot timing values K1 can include 8 elements with values ranging from 0 to 31. 

A semi-static configuration of slot timing values may not be efficient for adaptation to different traffic loads. Power consumption regarding HARQ-ACK feedback can increase when the codebook size is small due to increased number of PUCCH transmissions. Moreover, UE power saving gains are not balanced for different numerologies. For example, with a same configuration for slot timing values, a UE with a SCell operating in FR2 requires more power consumption than a UE with a SCell operating in FR1. This is due to more frequent transmissions of HARQ-ACK information and, for unpaired spectrum operation, due to an increased overhead for DL to UL switching. The default set of slot timing values of K1 should therefore be adapted to different numerologies and traffic loads or be in absolute time (e.g msec) instead of slots.

In addition, whenever there is a HARQ-ACK codeword error at the gNB, a UE is currently required to again receive all PDCCH candidates, detect all associated DCI formats, and receive all CBGs/TBs that the UE already received. For a relatively large association set (bundling window) and CA operation, this can prolong a communication session due to retransmissions even though the UE already correctly received most associated CBGs/TBs. A gNB can target a lower BLER for a larger HARQ-ACK codeword but this may not be always feasible due to coverage issues and as decoding errors may be due to interference. With the existence of CRC in a HARQ-ACK codeword, there is no fundamental reason to treat HARQ-ACK information different than data information and, as for CBG/TB retransmissions, it should be possible for a gNB to request a HARQ-ACK codeword retransmission without having to retransmit (and the UE having to receive) all associated DCI formats and PDSCHs. 
Proposal 5: Support adaptation of slot timing values K1 for HARQ-ACK codebook determination.

Proposal 6: Support retransmission of a HARQ-ACK codebook.

3 Frequency Domain Schemes
3.1 Dynamic BWP switching enhancement
A main reason for the introduction of BWP-based operation in Rel-15 is UE power savings. For example, when a UE does not have data to transmit or receive, a small BWP can be used for operation in order to still be able to access the UE when data arrives or for the UE to be able to transmit SR and be subsequently scheduled. In Rel-15, BWP switching can be by RRC, of by a DCI format, and/or based on the expiration of a timer. 

In all cases, BWP adaptation is controlled by the NW without any direct input from the UE (other than the legacy one of BSR, that do not consider UE power consumption). UE-triggered BWP switching (with a decision still made by the NW) can be considered in the study of UE power savings. For example, a UE can request to operate with a smaller/larger BWP or with a different BWP depending on the UE battery level status and/or power consumption characteristics for a given BWP (e.g. a larger BWP requires a linearly larger RF/DBB power consumption than a smaller BWP). For example, a gNB can configure a UE with identical BWPs (no switching delay) having different parameters (such as for PDCCH monitoring or for K0/K2, or for number of layers) and the UE can indicate a preferred BWP as an indirect approach for indicating a preferred configuration.
In addition, similar to enabling CSI measurements in non-active SCells or SRS carrier switching for SCells where the UE does not transmit other signalling, a corresponding state can also be introduced for BWPs (and be part of a general unification for CA/BWP operations). A UE can request to switch a BWP based on corresponding CSI measurements (a non-exclusive alternative with larger overhead is for the UE to provide CSI reports to the gNB for non-active BWPs in order for the gNB to have more information to determine a possible BWP switching for the UE). SRS BWP-switching can also be supported similar to SRS carrier switching and then the gNB can switch BWPs based on SRS measurements at least for TDD and probably also for FDD. 
According to the agreed power model, UE achieves 7.5% power saving gain by reducing every 10MHz of BWP BW.

Proposal 7: Support CSI measurements and SRS BWP switching in non-active BWPs.

Proposal 8: Support UE request for BWP switching.

4 TX/RX Antenna Adaptation 

In NR Rel-15, it is mandatory for a UE to support operation with four receiver antennas in certain frequency bands, such as n7, n38, n41, n77, n78, and n79. Such a large number of receiver antennas is particularly penalizing to UE power consumption. In many conditions, it may not be necessary or preferable for a UE to use 4 Rx antennas. For example, such condition include when the UE service is associated with small data packets, or the UE is in good coverage, has low battery power, experiences correlated receptions among antennas in certain channel conditions, there is a large path-loss imbalance among antennas due to varying blockage (e.g. based on UE positioning), etc. Similar, it is detrimental for a UE to active Rx antenna panels that do not have a corresponding gNB beam received with sufficient RSRP. An adaptation request from UE can be a request to activate/deactivate Tx/Rx antennas/panels. To enable a gNB to make a decision for the UE request, the UE can provide associated information per antenna port/panel.

According to the agreed power model, UE can achieves 30% power saving gain by scaled from 4 antenna to 2 antennas in FR1. 
Proposal 9: Support adaptation of active UE TX/Rx antenna panels.

5 Other power saving schemes

5.1 Dynamic transmissions/receptions without PDCCH
PDCCH monitoring is the main factor for increased UE power consumption and avoiding use of PDCCH for dynamic PDSCH/PUSCH scheduling, whenever instantaneous link adaptation is not needed, can offer large power saving gains. For example, grant-free transmission for PUSCH is better than grant-based one for reduced UE power consumption. The power saving gain of grant-free PUSCH comes from at least two aspects – no PDCCH monitoring and no PUCCH transmission for SR. Likewise, to reduce UE power consumption, all transmissions/receptions (e.g., PDSCH, PUSCH, measurement, reporting, etc.) can be semi-statically configured, when possible, so that the UE does not need to monitor PDCCH. Rel-15 NR can support this such operation except for PDSCH receptions. 

SPS can be configured to a UE for periodic PDSCH reception. The UE still needs to monitor PDCCH to receive SPS PDSCH activation and release indications. The UE needs to keep monitoring the resources configured for SPS PDSCH reception, decode a potential TB, and transmit corresponding HARQ-ACK information even when there is no PDSCH transmission to the UE. This PDSCH monitoring increases UE power consumption potentially even more than PDCCH monitoring (for short SPS periodicities). To enable UE power savings, a PoSS (such as a WUS) can be used to indicate whether or not there is a PDSCH transmission to the UE as illustrated in FIGURE 7. Power saving gain is achieved from two aspects – 1) PoSS requires lower power consumption than PDCCH monitoring and 2) PDSCH-only requires lower power consumption than PDCCH+PDSCH. The power saving gain is given in Table 1. For the evaluation, the relative power consumption for PoSS detection is assumed to be 70 in FR1 and 120 in FR2. About 30% power saving gain is observed.
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Table 1. Power saving gain from WUS-based PDSCH
	
	Power saving gain

	
	FR1
	FR2

	w/o C-DRX
	29.83 %
	31.31 %

	w/ C-DRX
	28.96%
	30.75%


Proposal 10: Support PDSCH reception triggered by PoSS.
5.2 Cross-carrier scheduling
Cross-carrier scheduling can provide power saving gain compared to self-carrier scheduling since a UE does not need to monitor PDCCH in all activated SCell(s). Cross-carrier scheduling is particularly beneficial for CA among cells in FR1 and FR2. A UE consumes significantly more power when it operate in FR2 compared to FR1. Based on the agreed power consumption model, FR2 consumes about 75% more power than FR1 for w/o C-DRX. The power saving gain is given in Table 2. Note that the power consumption for CA between FR1 and FR2 is calculated by (PFR1 + PFR2) * 0.85, where PFR1 is power consumption for FR1 only and PFR2 is the power consumption for FR2 only since there is no agreed power consumption model for CA between FR1 and FR2. A UE can request to be configured with cross-carrier scheduling by the gNB by means of a UE assistance message/information.
Table 2. Power saving gain from cross-carrier scheduling
	
	Power saving gain

	
	FR1+FR1
	FR2+FR2
	FR1+FR2

	w/o C-DRX
	40.86%
	40.97%
	56.88%

	w/ C-DRX
	39.56%
	40.16%
	55.49%


Proposal 11: Support UE assistance information for cross-carrier scheduling configuration.
6 Conclusions
This contribution considers potential UE adaptation approaches for NR UE power savings. Our proposals are as follows.

Proposal 1: Support UE adaptation on PDCCH monitoring focusing on

· adaptation on search space configuration

· dynamic PDCCH monitoring triggered by PoSS with size of at least 1 bit

· reduction on PDCCH candidates
Proposal 2: Support UE adaptation on C-DRX focusing on

· adaptation on CDRX configuration parameters

· dynamic access control triggered by PoSS with size of at least 1 bit

Proposal 3: Study UE-triggered adaptation on minimum scheduling delay between PDCCH and PDSCH/PUSCH.
Proposal 4: Support adaptation on slot aggregation factor for 1-to-N mapping between scheduling DCI format and TBs.

Proposal 5: Support slot timing values K1 for HARQ-ACK codebook determination.

Proposal 6: Support retransmission of a HARQ-ACK codebook.

Proposal 7: Support CSI measurements and SRS BWP switching in non-active BWPs.
Proposal 8: Support UE request for BWP switching.
Proposal 9: Support adaptation of active UE TX/Rx antennas.
Proposal 10: Support PDSCH reception triggered by PoSS.
Proposal 11: Support UE assistance information for cross-carrier scheduling configuration.

In addition, the following are observed.

Observation 1: UE achieves power saving gains as the PDCCH monitoring periodicity increases and duration decreases, while there is a trade-off between power saving gain and scheduling latency on adaptation of search space configuration.
Observation 2: UE achieves at least 40% power saving gain when a 1 bit PoSS triggers dynamic PDCCH monitoring, where the power saving gain is from micro/light/deep sleep when PoSS monitoring periodicity larger than 0ms/6ms/20ms, respectively. 

Observation 3: UE achieves up to 30% power saving gain with reduction on blind decoding.
Observation 4: UE achieves power saving gain as the DRX cycle increases and Inactivity/On Duration Timer decreases, while there is a trade-off between power saving gain and scheduling latency on adaptation of CDRX configuration.
Observation 5: UE achieves more than 80% power saving gain at Inactivity timer of 10ms with dynamic access control based on 1 bit PoSS with same monitoring periodicity as DRX cycle.
Observation 6: UE achieves power saving gain as the increase of maximum number of TBs per PDCCH occasion, while the scheduling delay is relatively small compared with direct adaptation on PDCCH monitoring periodicity. 
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Appendix
Table A.1: Simulation assumptions

	Parameters
	Values

	Evaluation time
	5.12 seconds

	Traffic model
	FTP traffic (FTP model 3)
Packet size = 0.1 Mbytes
Arrival time (1/λ) = 200 ms

	DRX configuration
	Long DRX Cycle: 160ms, 
OnDuration: 8ms, 
InactivityTimer: 100ms

	Reference Configuration
	TDD, FR1, 30 kHz SCS, Capability 1

100MHz DL BWP. 10-symbol PDSCH (one symbol occupied by DMRS), capable of carrying 868584 information bits per slot (Note: a packet can fit within a PDSCH transmission). All packets can be successfully decoded on the first transmission. No HARQ retransmission. No UL slot. Single user. Short DRX is not configured.


Table A,2: Assumption on power modeling

	Reference Configuration
	Power State
	Characteristics
	Relative Power 

	Downlink: TDD, FR1, 30 kHz SCS,  1CC, 100 MHz BW, PDCCH region of 2 symbol at beginning of a slot, k0 = 0, max. #CCE = 56, 36 PDCCH blind decoding, PDSCH of max data rate with 256QAM 4x4 MIMO, #RB for TRS = 52, 4RX, Capability 1
Uplink: TDD, FR1, 30 kHz SCS, 1CC, 100MHz BW, 1TX, 2 power levels 0dBm and 23dBm
Power values are averaged over the operations within a slot.
	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 

	
	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	
	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	
	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	
	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. FFS the power scaling for RRM of neighbor cells . TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	
	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. FFS the power scaling for PDSCH-only slot.
	300 

	
	UL
	Long PUCCH or PUSCH. FFS the power scaling for short PUCCH and SRS.
	250 (0 dBm)

700 (23 dBm)


	Sleep type
	Additional transition energy:

(Relative power x N ms)
	Total transition time

	Deep sleep
	450
	20 ms

	Light sleep
	100
	6 ms

	Micro sleep
	0 
	0 ms*

	* Immediate transition is assumed for power saving study purpose from or to a non-sleep state


Table A.3: Assumption on additional transition energy
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