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1. Introduction
In RAN1 #96bis meeting, the following agreements are made on PDCCH-based power saving signal and channel design.
Agreements:

· The PDCCH-based power saving signal/channel is UE-specifically configured.   

· The DCI format(s) contain information for (including potential down-selection, which may or may not depend on power saving techniques/scenarios):

· Alt 1: triggering a single UE only 

· Alt 2: triggering UE(s) within a group 

· FFS whether to always trigger all UEs in a group or a subset of it

· Alt 3: Alt 1 & Alt 2 

Agreements:

The assumptions of the DCI design of the PDCCH-based power saving signal/channel include:

· No increase of DCI format size budget  

· FFS whether or not the same or different sets of DCI format sizes for Active time vs. out of Active time

· Working assumption: no increase of UE BD/non-overlapping CCE limit
Agreements:

Possible candidates of DCI format design for the PDCCH-based power saving signal/channel (including potential down-selection, which may or may not depend on power saving techniques/scenarios):

· New DCI format(s) 

· The size of new DCI format may or may not be the same size as the existing DCI size

· Enhancement of existing DCI. E.g.,:

· Additional new field(s)  (new DCI size)

· Using the existing DCI format for the power saving purpose

· Re-purpose field(s) in the DCI

· The detection of existing DCI format as the indication for the power saving technique 

Agreements:

The DCI format(s) of the PDCCH-based power saving signal/channel is designed to provide: 

· Indication of one or more power saving associated operations.  

· Supporting configurability (e.g., 0, 1, 2, …bits, etc.), if needed, for one or more information fields in the DCI at least for one DCI format

· Motivation is to make field configurable. The length can also be configured.

Agreements:

Potential DCI contents in DCI format(s), to be further investigated:

· Power saving technique associated with C-DRX

· Essential for UE function for the C-DRX

· Wakeup – 

· UE is indicated to transition from outside Active Time to Active Time

· UE is indicated to stay at Active Time   

· Go to sleep– 

· UE is indicated to transition from Active Time to outside Active Time.

· UE is indicated to stay outside Active Time

· FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.

· Cross-slot scheduling

· Triggering RS transmission

· CSI report

· Single vs. multi-cell operation

· BWP /SCell

· BWP & SCell together 

· BWP and SCell have separated fields

· MIMO layer adaptation/number of Anenna adaptation 

· May further depend on RAN4’s work

· Indication of CORESET/search space/candidate of subsequent PDCCH decoding

· PDCCH monitoring periodicity

· PDCCH skipping (skipping duration)- 

· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time

Note that 

· For the bullets in italic, there are concerns that some of which may have dependence on the ongoing SI in RAN2. 

· For the last two bullets, there are additional concerns that these are deemded by some companies to be not in the scope of the power saving WI approved so far 
The following candidates may be discussed after RAN2’s SI is completed:

· Skipping number of DRX monitoring 

· SPS activation

· DRX configuration 

Agreements:

· The design of the DCI format(s) and size needs to account for one or more of the following aspects

· Within or outside Active Time

· DCI format size for the power saving signal/channel to fit the DCI format size budget

· Including aspects whether or not it is necessary to align it with existing DCI format size

· Other aspects are not precluded

Agreements:

· Support at least one CORESET with configured search space(s) for the power saving signal/channel  

· FFS separate vs. shared with a CORESET (and/or search space(s)) configured for other purposes (when applicable)
Agreements:

· For PDCCH-based power saving signal/channel, 

· The set of AL(s) is configured 

· The number of PDCCH candidate(s) for each AL is configured

In this contribution, we will further discuss the detailed functions to trigger power saving characteristics and related signal/channel design.

2. Power saving signal/channel design
In UE power saving SI stage, several power saving techniques are proposed, and power saving gain are shown by many sources, which are summarized in TR[2]. According to the WID [1], the power saving signal should be based on PDCCH. In this section, the following aspects to design of PDCCH-based power signal/channel are discussed.
· PDCCH-based wake up signal

· PDCCH indicating adaptation of PDCCH monitoring behavior/parameter
· DCI format for power saving PDCCH
1.1. PDCCH-based wake up signal
As summarized in TR 38.840, 8%-50% power saving gain can be achieved by triggering wake-up signal/channel for CDRX compared to the existing behavior when CDRX is configured. Therefore, it is reasonable to deliver the wake up indication through the power saving PDCCH. In this section, we will further discuss the detailed design of the wake up PDCCH and UE monitoring behaviors.
1.1.1 Functions of the wake up PDCCH

In RAN2 105bis, it has been agreed that UE should monitoring the WUS at a known offset before on duration of C-DRX. Monitoring WUS before the DRX ON duration may have advantages. When a group of UEs are UE-specifically configured with C-DRX with different on duration starting time, it is possible for these UEs to share a groups-specific PDCCH for wake up signal, if monitoring WUS is before the CDRX ON duration, which can largely reduce the system overhead. 
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Figure 1: Group based PDCCH when DRX on duration is not aligned for the group of UEs
To take advantage of the offset between WUS, additional procedures can be performed to further reduce the UE power consumption, the procedure can be performed based on the DCI indication delivered in wake up PDCCH simultaneously. Besides, to make a full usage of the transmitted DCI bits, i.e., at least 12bits in the wake up PDCCH, it is reasonable to include other DCI fields triggering different kind of power saving characteristics. Following functions can be considered to be delivered in wake up PDCCH.

· BWP switching
As discussed in Rel-15, interruption time is needed for BWP switching. With the offset between WUS and on duration introduced, UE can be configured to monitor the WUS in a narrowband BWP/CORESET. When traffic arrives, the wake up DCI can be used to trigger UE monitoring in a wider BWP, such that the transmission of data can be finished in a short duration of time. In this case, the switching time can be included in the offset period. Alternatively, BWP switching can be automatically triggered once WUS is detected by UE, where the wider BWP in on duration of CDRX is configured in advance by RRC.
· Triggering aperiodic CSI-RS reception/aperiodic CSI reporting
In SI stage, the preparation time for CDRX has been proposed. To facilitate the data transmission in DRX active time, aperiodic CSI-RS/TRS can be triggered by wake up PDCCH before DRX On duration for fine time and frequency tracking, beam tracking and measurement for CSI feedback, which can be performed during the time offset between monitoring occasion of wake up signal and CDRX on duration.
· Indication CORESET/search space/candidate of subsequent PDCCH decoding
Additionally, the PDCCH monitoring behavior in the on duration period can be further optimized, a subset of the CORESETs/search spaces/RNTIs/DCI formats can be indicated in the wake up PDCCH for UE to monitor, and UE is not necessary to monitor all the configured CORESETs/search spaces/RNTIs as configured by RRC signaling.
· Indication Scell activation/monitoring
Scell activation delay is up to 27ms assuming typical 20ms SMTC periodicity. If a tighter latency requirement after DL data arrival is targeted for Scell transmission, the UE may have to keep Scell always active such that the DL traffic can be served on Scell as soon as possible. As discussed in [3], it is feasible to reduce the Scell activation time to around 5~6ms, if DCI can be used for Scell activation command and triggering the on-demand RS, e.g. CSI-RS or TRS for UE to perform fine time and frequency tracking, instead of SSBs. 
Alternatively, when multiple Scells are activated, to avoid activating and deactivating Scells frequently, Scells can stay in active state with a long PDCCH monitoring periodicity to save power. When traffic arrives, an indication can be transmitted in Pcell indicating switching the PDCCH monitoring to short periodicity in the Scell.
Besides, as discussed in our companion paper [4] [5], cross-slot/same-slot scheduling and maximum MIMO layer/Rx antenna number can also be delivered with the wake up PDCCH to further facilitate UE power saving in the CDRX on duration. Or adaptation of cross-slot/same-slot scheduling and/or maximum MIMO layer/Rx antenna number can be automatically triggered once WUS is detected by UE. If WUS is not detected, adaptation of cross-slot/same-slot scheduling and/or maximum MIMO layer/Rx antenna number is not automatically triggered. No explicit field is defined for triggering these behaviors.
Note that, the switching period after UE detect the WUS depends on the behaviors UE need to perform after wake up and also depends on UE capability. For example, the minimum switching time for wake up with/without indication of BWP switching or Scell monitoring may be different. UE can report the preferred offset for different cases to network. Long time offset between WUS and on duration should be allowed by configuration or implicitly determined.
Proposal 1: The following behaviors can be triggered by WUS explicitly or implicitly for upcoming DRX on duration
· BWP index for UE to monitor scheduling PDCCH in DRX on duration
· Subset of CORESETs/search spaces/ RNTIs/DCI formats for PDCCH monitoring
· Indication of Scell activation/monitoring
· Max number of DL MIMO layer
· Adaptation of cross slot scheduling/same slot scheduling
If fields for functions other than wake up indication are introduced, the PDCCH can also be used to trigger other adaption behaviors as indicated in DCI, even if DRX is not configured. In other words, the use case of wake up PDCCH is not limited to wake up for CDRX on duration, the WUS is one of the functions supported by power saving PDCCH.
1.1.2 Wake up signal monitoring
If PDCCH based wake up signaling is introduced, following wake up signal scheme can be considered.
· WUS without DTX

· WUS with DTX

For the WUS without DTX scheme, WUS has to be transmitted every DRX cycle explicitly indicating UE to wake up or skip the PDCCH monitoring in the upcoming DRX on duration, and UE may assume wake up indication transmitted if UE failed to detect the wake up PDCCH. In this case, UE will not miss any traffic scheduled in the DRX on duration. While for WUS with DTX scheme, WUS is transmitted only when there is data scheduling in the following DRX on duration. UE will skip the PDCCH monitoring in the DRX on duration if WUS PDCCH is not detected. If UE failed to detect the WUS PDCCH, the data transmission will be delayed. Similar issue has been discussed in NB-IoT WUS design, for the WUS without DTX scheme, it may lead to great system overhead to transmit the WUS. On the other hand, system overhead can be reduced for WUS with DTX scheme especialy for sprodiac traffic model. To lower the overall delay caused by WUS detection failure, additional mechanisms can be considered to guarantee the detection performance of WUS.
Proposals 2: WUS with DTX should be adopt for WUS design, i.e., UE will skip the PDCCH monitoring in the upcoming DRX on duration if UE does not detect WUS.
To guarantee detection performance of wake up PDCCH and reduce detection failure, WUS can be transmitted several times before DRX on duration, and multiple monitoring occassion can be configured for WUS monitoring. However, it is up to network to transmit once or multiple times for wake up signaling. Similar design has been adopted in NB-IoT WUS design. On the other hand, to limit the power consumption of WUS monitoring, the multiple monitoring ocassions should be constrained in a short duration.

[image: image2.emf]……..

WUS

Monitor grant

DRX cycle

……..

WUSWUS

DRX on

DTX DTX DTX

skip


Figure 2 : multiple monitoring ocassions for WUS
Proposal 3: To guarantee the detection performance of wake up PDCCH, UE can be configured to monitor WUS in multiple monitoring ocassions.
In the case of FR2 or multiple TRPs scenario, UE may be configured to monitor PDCCH in multiple beams. In the active DL BWP, UE can be configured with up to 3 CORESETs, and each coreset have an active TCI state indicated by RRC signaling and MAC-CE. When DRX is configured in FR2, UE may lose fine beam tracking after long DRX cycle. In order to ensure the detection performance of WUS, WUS can be transmitted in a single beam and repeated multiple times. 
Alternatively, WUS can be transmitted in beam sweaping manner, like paging in idle state, UE need to monitor the WUS assuming different TCI states at different monitoring ocassions, as illustrated in Figure 2.
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Figure 3 : Different TCI state for WUS PDCCH monitoring in multiple monitoring ocassion
For TCI state for each monitoring ocassion, following options can be considered :

· Option 1 : Network explicitly configure the TCI state list for WUS monitoring.

· Option 2 : UE detect the WUS using the TCI states of the configured CORESETS in the active BWP.
For option 1, network may transmitted WUS multiple times in the beams correponding to the TCI states sequentially, and UE monitor the WUS with different QCL assumptions accordingly. Since, the Tx-Rx beam pair may be dynamically changed after TCI state list configured, the number of TCI state in the list may be sufficient to cover beam changes.
For option 2, since UE need to monitor up to 3 CORESETs in the active BWP in the DRX active time, and the best beam pair can be refined by the beam management process. It is unlikely that all of Rx beams for the configured CORESETs will failure after wake up, therefore WUS can be transmitted and monitored multiple times using multiple TCI states of the configured CORESETs.
Proposal 4 : Following options can be considered for UE to determine the TCI state for WUS monitoring,
· Option 1 : Network explicitly configure the TCI state list for WUS monitoring.

· Option 2 : UE detect the WUS using the activated TCI states of configured CORESETS in the active BWP.
1.1.3 CORESET and search space configuration for WUS
As mentioned above, the wake up PDCCH is monitored before the DRX on duration. However, as a general power saving PDCCH, it can be monitored in the DRX active time or when DRX is not configured. For different use cases, WUS/power saving PDCCH can be configured in different CORESET. 
When power saving PDCCH is monitored in the DRX active time or when DRX is not configured, it can be monitored in a CORESET configured for the active BWP, and the total number of blind decodings togehter with decoding attemps for other PDCCH in a slot still follow the total number of blind decoding limitation. 
When power saving PDCCH is monitored before DRX on duration, a UE can be configured with a new CORESET for WUS purpose only within a narrow bandwith to limit the power consumption for WUS monitoring. Either a narrow band BWP or a narrow band CORESET regardless of the bandwith of a BWP can be considered. Note that, since the resource for the WUS CORESET can be shared with other UEs for different purposes, the additional CORESET does not increase the system overhead from system perspective.
To further limit the power consumptions, the number of blind decodings can be reduced with limited number of aggregation levels and limited number of PDCCH candidates. For example, based on network configuration for the search space, only AL4 and AL8 need to be monitored, and only 4 and 2 PDCCH candidated need to be monitored for the 2 ALs respectively, which is similar to the configuration for SFI PDCCH monitoring.
Proposal 5: Additional CORESET(s) can be configured to UE for WUS monitoring, in addition to 3 CORESETs configured for the active BWP. It is up to implemention whether to share the CORESET with other UEs for PDCCH transmission.
Proposal 6: Limited number of aggregation levels and PDCCH candidates can be indicated in the search space configuration for WUS, like SFI PDCCH.
1.2. Adaptation of PDCCH monitoring behavior/parameter
Adaptation of PDCCH monitoring behavior have been studied in SI stage. As summarize in [2], power saving gain in the range of 9%~83% is observed. The PDCCH based power saving signal indication adaptation of PDCCH monitoring behavior can be further studied in the following three use cases.
· Use case 1 : Go to sleep signal indicating UE to stop PDCCH monitoring in DRX active time
In addition to the wake up signaling for CDRX, go to sleep signaling can be considered to further reduce the power consumption in the on duration period. As illustrated in Figure 2, when receiving DCI based GTS, UE stops the drx-onDurationTimer and drx-InactivityTimer. Rel-15 supports MAC-CE based go to sleep, DCI based scheme can achieve faster sleep and less overhead. Together with the wake up signaling, go to sleep signaling can further reduce UE power consumption when CDRX is configured.
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Figure 4: GTS indication skipping PDCCH monitoring in the DRX active time
· Use case 2: Power saving PDCCH indicating UE to skip PDCCH monitoring in a time period
DCI-based mechanism can be used to indicate UE skipping PDCCH monitoring, with or without CDRX configured. When receiving the DCI indication, UE skips PDCCH monitoring for a certain period, e.g., the following X slots or X ms. X can be configured by RRC signalling or X is deliverd by t PDCCH. If UE does not receive or failed to detect the power saving PDCCH, UE will monitor PDCCH according to the search space configured to the UE.
In addition, the power saving PDCCH can be used to indicate UE to reduce PDCCH monitoring. For example, for some UL dorminant services, when there is less DL data to be scheduled, gNB can send PDCCH skipping indication to UE indicating skip monitor DL non-fallback DCI format. Alternatively, UE can be indicated by the power saving PDCCH to reduce the number of search space/CORESET for PDCCH monitoring. Besides, UE can be indicated  to switch to use a longer PDCCH monitoring periodicity for power saving. 
· Use case 3: Power saving PDCCH  indicating UE to switch PDCCH monitroing periodicities
As summarized by [2], the power saving schemes for reducing PDCCH monitoring shows 5%-85% power saving gains with different detailed schemes comparing to the assumed baseline scheme of Rel-15 PDCCH monitoring. 

For different traffic type, the fixed monitoring periodicity as configured semi-statically by RRC signalling may be not the most power efficient configuration. Therefore, dynamically switching the PDCCH monitoring periodicity through DCI can be introduced to accommodate with different traffic type. According to the evaluation in [6] [7], significant power saving gain can be achieved assuming gaming and FTP mode 3 traffic mode.
Table 1: Power saving gain of dynamically switching PDCCH monitoring periodicity

	Power saving scheme
	Power saving gain
	Power saving gain for each configuration
	UPT/Latency


	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note

(include UE throughput)

	Dynamic switching of PDCCH monitoring periodicities by DCI
	0% ~ 83%
	0%-74% (for gaming, and for all UE)
	Average packet Latency: 20.30~0.40 ms;

Latency increase: 0%~140%
	No overhead (use the additional bits in scheduling DCI)
	Numerical simulation; 

Baseline assumption: 

1)Fixed PDCCH monitoring periodicity without CDRX;

2)CDRX;

Traffic: gaming and ftp model 3
	

	
	
	6%-59% (for FTP3, and for UE of 5 percentile SINR)
	Average packet Latency: 37.41~106.62 ms;

Latency increase:

 -90% ~84%
	
	
	

	
	
	3%-80% (for FTP3, and for UE of 50 percentile SINR)
	Average packet Latency: 28.13~101.53 ms;

Latency increase:

 -92% ~115%
	
	
	

	
	
	2%-83% (for FTP3, and for UE of 95 percentile SINR)
	Average packet Latency: 27.26~100.88 ms;
Latency increase:

 -92% ~118%
	
	
	


More specifically, DCI can indicate the PDCCH monitoring periodicity, or different PDCCH monitoring periodicities is configured by RRC and DCI can trigger which PDCCH monitoring periodicity to be used. It is noted that PDCCH monitoring periodicity, duration and offset can be configured per search space by RRC signalling in Rel-15. Compared with RRC based configuration in Rel-15, switching PDCCH monitoring periodicity by DCI can provide more dynamic adaptation to the traffic variation. 

Furthermore, in CA scenario, it is not power efficient if Scell is always keep activated with fixed short PDCCH monitoring periodicity. In this case, the PDCCH monitoring periodicity can be dynamically changed based on the DCI indication from the Pcell. When large amount of data arrived, the PDCCH monitoring in Scell can be switched to a short periodicity to make sure data is transmitted with low latency, when the arrival of data is less frequent, the PDCCH monitoring in Scell can be switched to long periodicity to save power (e.g., dormant BWP). Both power saving gain and low traffic latency can be achieved with dynamically switched PDCCH monitoring periodicity in Scell triggered by DCI based signalling in Pcell.

In RRC connected, UE continously monitors the scheduling DCI. Thus, it is straightforward to deliever the GTS indication by a sheduling DCI without additional overhead. If more than simple go-to-sleep function is targeted for GTS design, e.g. indicating adapatation of PDCCH parameters, frequency adaptations,etc should be supported by GTS. The GTS design based on non-scheduling DCI can be considered.
Proposal 7: The following behaviors can be triggered by power saving PDCCH, both scheduling DCI (e.g., additional DCI field) and non-scheduling DCI can be considered
· GTS indicating UE to skip the current DRX onduration (i.e. stop drx-onDurationTimer and drx-InactivityTimer)

· Power saving PDCCH indicating UE to skip PDCCH monitroing for a time period

· Power saving PDCCH indicating UE to switch the PDCCH monitoring periodicities.
In Rel-15, the non-fallback DCI format for UL scheduling (format 0-1) and DL scheduling (format 1-1) are configured simultaneously by one search space, which means both formats are monitored by the UE if configured. However, in some cases, the traffic arrival rate for DL and UL are quite different. Thus the monitoring of both DL and UL non-fallback DCI with the same periodicity will double the UE blind decodes when the size of the two DCI formats are different. Therefore, it is beneficial to decouple the DCI format 0-1 and 1-1 monitoring. With the introducing of power saving PDCCH, indicating different skipping parameter for each DCI format can be realized. For example, if the UL data arrives less frequently compared with the DL data, UE can skipping unnecessary DCI format 0-1 based on power saving PDCCH indication.
Proposal 8: Decouple the DCI format 0-1 and 1-1 monitoring can be realized by skip DCI format 0-1 or DCI format 1-1 as indicated by the power saving PDCCH.
1.3. DCI format design for power saving PDCCH
1.3.1 DCI size budget

In Rel-15, UE is only required to monitor PDCCH with no more 4 different DCI sizes, and up to 3 DCI sizes with C-RNTI. With the introducing of power saving PDCCH, the DCI size alignment should be further considered in the DCI format design.

For wake up PDCCH, it is monitored before the DRX on duration, which means it will not be monitored at the same time instance as other PDCCH with C-RNTI during DRX active time, only one DCI size is monitored if the SI, paging PDCCH is not considered. In this case, it is not necessary to align the DCI size of WUS with other DCIs. On the other hand, a shorter DCI size would be preferred to achieve a low code rate to ensure high detection reliability for WUS.

For power saving PDCCH monitored in DRX active time or when DRX is not configured, UE may need to monitor the power saving PDCCH together with other PDCCH. In order not to increase number of monitored DCI sizes, limitation on number of DCI sizes should still be followed.

Observation 1: For power saving PDCCH monitored in DRX active time or when DRX is not configured, the 3+1 sizes limitation should still be followed. However, for wake up PDCCH monitored before DRX on duration, it is not necessary to follow the 3+1 DCI sizes limitation in Rel-15.
1.3.2 Group common or UE specific PDCCH
In traditional PDCCH design, the DCI format for group common and UE specific PDCCH are predefined. For group common PDCCH, UE can be configured to monitor a subset of the bits in the DCI, and the indications for multiple UEs can be contained in the same DCI. For UE specific PDCCH, all fields in the DCI are delivered for a single UE. For power saving PDCCH, both group common PDCCH and UE specific PDCCH can be considered for different use cases.
For WUS PDCCH before DRX on duration, multiple power saving characteristics can be triggered at the same time. Since each UE may be configured with different combination of functions and power saving characteristics depending on network configuration, traffic type and UE capability, etc. Therefore, each UE may be configured to monitor a different subset of the bits in the DCI with different bit location, length and field mapping. When only a few number of bits is needed for each UE, packet the indication in the group common PDCCH can save the system overhead. UE only need to monitor the bits configured for the UE, and the bit fields not configured for this UE should be ignored. If a UE is configured with many kinds of power saving characteristics, a long DCI bits may be needed, UE can be configured to monitor all the DCI bits in the PDCCH. In this case, the power saving PDCCH is equivalent to UE specific PDCCH. Different from traditional DCI format design of UE specific and group common PDCCH, where the DCI field is predefined, the DCI field of power saving PDCCH can be semi-statically configured by RRC signaling. For the group common power saving signal, a new RNTI can be considered, e.g. ‘PS-RNTI’.
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Figure 5: RRC configured DCI format for power saving PDCCH
Proposal 9: The DCI field, including bit length, locations and corresponding functions in group common power saving PDCCH, can be configured by RRC signaling.
If the wake up indication is delivered by group common PDCCH, when a UE is not intended to be wake up, it may still detect the PDCCH since the PDCCH is intended for other UE(s) in the group. In this case, there should be an explicit bit or code points indicating that UE does not need to wake up or adapt nay behaviors for the upcoming CDRX on duration.
Proposal 10: If the wake up signal is delivered through power saving PDCCH, explicit bit or code point should be defined to indicate UE not to wake up or adapt any behaviors for the upcoming DRX on duration.

For power saving PDCCH monitored in DRX active time or when DRX is not configured, the DCI size of power saving PDCCH may need to be aligned with other PDCCHs UE need to monitor, which makes group common PDCCH difficult to meet the DCI size limitation for every UE in the group. In this case, UE specific PDCCH with a unified PDCCH format can also be considered to trigger different UE behaviors for power saving. The presence and the size of each DCI filed can be configured by RRC signaling based on the intended use cases. Besides, different power saving characteristics and parameters may be expected on different CCs in CA scenario, the information in the power saving PDCCH can be indicated in per CC/BWP manner.
An example of DCI format for power saving PDCCH is shown in Table 2. 
Table. 2 DCI content for UE specific adaptation DCI format

	DCI field 
	Function

	WUS/GTS
	1: wake up

0: go to sleep

	BWP indicator
	Indication of BWP switching, e.g. when wake up is indicated, the target BWP for monitoring PDCCH, or adaptation of BWP during active time

	PDCCH monitoring parameter
	Dynamically indicate UE the PDCCH monitoring parameter, including CORESETs/search spaces/ periodicity/DCI formats.

	Scell activation/monitoring
	The Scell(s) to be activated or monitored.

	Aperiodic CSI report/CSI-RS
	Trigger UE to receive the aperiodic CSI-RS and/or feed back CSI

	Max number of DL MIMO layers
	Indication of max number of DL MIMO layers

	TDRA table/k0 indication
	Dynamically enable/disable cross slot scheduling


Proposal 11:  For RRC connected UEs, a unified DCI format can be considered for power saving PDCCH to trigger UE wake up, go-to-sleep, and different type of adaptation behaviors for UE power saving.

3. Conclusion

In this contribution, we focus on the power saving characteristics and the corresponding PDCCH design, and have the following proposals:
Proposal 1: The following behaviors can be triggered by WUS explicitly or implicitly for upcoming DRX on duration
· BWP index for UE to monitor scheduling PDCCH in DRX on duration
· Subset of CORESETs/search spaces/ RNTIs/DCI formats for PDCCH monitoring

· Indication of Scell activation/monitoring

· Max number of DL MIMO layer

· Adaptation of cross slot scheduling/same slot scheduling
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Proposals 2: WUS with DTX should be adopt for WUS design, i.e., UE will skip the PDCCH monitoring in the upcoming DRX on duration if UE does not detect WUS.
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Proposal 3: To guarantee the detection performance of wake up PDCCH, UE can be configured to monitor WUS in multiple monitoring ocassions.
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Proposal 4 : Following options can be considered for UE to determine the TCI state for WUS monitoring,

· Option 1 : Network explicitly configure the TCI state list for WUS monitoring.

· Option 2 : UE detect the WUS using the activated TCI states of configured CORESETS in the active BWP.
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Proposal 5: Additional CORESET(s) can be configured to UE for WUS monitoring, in addition to 3 CORESETs configured for the active BWP. It is up to implemention whether to share the CORESET with other UEs for PDCCH transmission.
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Proposal 6: Limited number of aggregation levels and PDCCH candidates can be indicated in the search space configuration for WUS, like SFI PDCCH.
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Proposal 7: The following behaviors can be triggered by power saving PDCCH, both scheduling DCI (e.g., additional DCI field) and non-scheduling DCI can be considered
· GTS indicating UE to skip the current DRX onduration (i.e. stop drx-onDurationTimer and drx-InactivityTimer)

· Power saving PDCCH indicating UE to skip PDCCH monitroing for a time period

· Power saving PDCCH indicating UE to switch the PDCCH monitoring periodicities.
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Proposal 8: Decouple the DCI format 0-1 and 1-1 monitoring can be realized by skip DCI format 0-1 or DCI format 1-1 as indicated by the power saving PDCCH.
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Observation 1: For power saving PDCCH monitored in DRX active time or when DRX is not configured, the 3+1 sizes limitation should still be followed. However, for wake up PDCCH monitored before DRX on duration, it is not necessary to follow the 3+1 DCI sizes limitation in Rel-15.
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Proposal 9: The DCI field, including bit length, locations and corresponding functions in group common power saving PDCCH, can be configured by RRC signaling.
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Proposal 10: If the wake up signal is delivered through power saving PDCCH, explicit bit or code point should be defined to indicate UE not to wake up or adapt any behaviors for the upcoming DRX on duration.
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Proposal 11:  For RRC connected UEs, a unified DCI format can be considered for power saving PDCCH to trigger UE wake up, go-to-sleep, and different type of adaptation behaviors for UE power saving.
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