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Introduction
In RAN1#96bis, the design of PDCCH-based power saving signal/channel for triggering UE adaptation to the power saving techniques was discussed with the following agreements,

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)
· 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

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

This contribution describes the detail in the design of the PDCCH-based power saving signal/channel.          

Power Saving Signal/Channel

The PDCCH-based power saving signal/channel is to trigger UE adaptation to the power saving techniques.  The design of the PDCCH-based power saving signal/channel could be considered as a new physical channel or specific DCI format(s) for UE power saving.  It was agreed in RAN1#96bis that the DCI format(s) of the PDCCH-based power saving signal/channel is designed to provide: 
· The 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

Possible candidates of DCI format design for the PDCCH-based power saving signal/channel includes the new DCI formats and enhancement of existing DCI as follows,
· 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)
· 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 


If the power saving signal/channel is a new physical channel, the PDCCH channel structure could be reused.  The configuration of the power saving signal/channel needs to be defined.   The UE behavior on the power saving signal/channel monitoring needs to be specified.  New DCI formats need to be defined for UE power saving techniques.   The configuration of the PDCCH-based power saving signal/channel includes the following,

· The CORESET configuration for the power saving signal/channel - The CORESET of the power saving signal/channel is independent to the CORESETs configured for PDCCH.   The maximum number of CORESETs supported for the power saving signal/channel needs to be specified.  The DCI format for the power saving signal/channel specific CORESET could a new DCI format or enhancement of existing DCI.  If the DCI format is used for power saving technique(s) only, the new DCI format should be used since there is no scheduling activity.   If DCI is used for both scheduled PDSCH/PUSCH transmission and indication of the power saving techniques, it would be better to use the enhancement of the existing DCI.  

If the CORESET of the power saving signal/channel overlaps with the CORESET of PDCCH, UE will decode the power saving signal/channel, the PDCCH or both.   If the DCI format for UE power saving is the enhancement of existing DCI, the UE decodes the enhanced DCI together for the scheduled DL/UL transmission and the information for triggering the power saving technique(s).   If new DCI format is used for the indication of the power saving techniques, UE would need to decode both the scheduling DCI from PDCCH and new DCI from the power saving signal/channel.   

· The search space – The search space is configured specifically for the power saving signal/channel.  It was agreed in RAN1#96bis that the power saving signal/channel is UE specifically configured with the DCI format(s) contain information for triggering a single UE only or triggering UE(s) within a group.  The search space would be UE-specific is the DCI format contain information trigger a single UE or triggering a UE within a group.  The search space could be group common if the DCI format is used to trigger one or more UEs within a group.    If the DCI format of the power saving signal/channel is a new DCI format specific for the indication of power saving techniques, the search space would be independent from the search space of PDCCH.   If the DCI format is an enhancement of existing DCI, the search space of the power saving signal/channel is the same as that of the PDCCH since the DCI would carry both the information of scheduled PDSCH/PUSCH transmission and the indication of the power saving techniques.


If the power saving signal/channel is a PDCCH channel with the specific DCI design for the power saving techniques, the CORESET and the search space would be same as those of the PDCCH.  The UE behavior of monitoring the power saving signal/channel would be similar to UE behavior of PDCCH monitoring.   It was agreed in RAN2#105bis that the power saving signal/channel would be configured offset of the DRX ON period for UE adaptation to the DRX operation.  UE would be configured to monitor the power saving signal/channel outside the DRX ON period.   Thus, new UE behavior of PDCCH monitoring needs to be specified.  The special DCI design of the PDCCH channel is the same as the new physical channel for the power saving signal/channel if the new behavior needs to be defined.   A special format of the PDCCH for the power saving signal also sets the limitation on the CORESET/search space configuration for the power saving signal/channel.  

Proposal 1: PDCCH-based power saving signal/channel is a new physical channel, which reuse the PDCCH structure.  

Proposal 2: The CORESET/search space, the DCI format(s) and the UE monitoring of the PDCCH-based power saving signal/channel needs to be specified.


CORESET/Search Space Configuration of Power Saving Signal/Channel

CORESET/Search Space Configuration 

The CORESET/search space configuration of the PDCCH-based power saving signal/channel can reuse the principle and design of the Rel-15 PDCCH CORESET/search space configured by RRC signaling. UE will find the PDCCH candidates and perform PDCCH decoding from the configured CORESET/search space.  The PDCCH-based power saving signal/channel is used for triggering UE adaptation to the traffic in different power saving schemes.  The CORESET/search space configuration of the PDCCH-based power saving signal/channel could be semi-statically configured along with the target power saving scheme, such as the DRX cycles.  In particular, the PDDCH-based power saving signal/channel needs to be UE-specifically configured to trigger the specific UE adaptation and not to increase the other UEs’ power consumption comparing the group-triggering power saving signal/channel.   The configuration of CORESET/search space could be simplified to have UE-specific CORESET configuration, where the CORESET is not shared with other UEs.  The UE-specific CORESET configuration would also reduce the blocking probability to zero.  The CORESET of the PDDCH-based power saving signal/channel between different UEs could be FDM (different frequency resources) or TDM (different symbols).   

Proposal 3:  The CORESET/search space configuration of PDCCH-based power saving signal/channel should be UE-specific and not shared with other UEs.  

Aggregation level 
The aggregation level of the PDDCH-based power saving signal/channel would be determined by the designed coverage.   Multiple aggregation levels were designed for NR to allow gNB to schedule UEs in different coverage area in a given CORESET to accommodate for different channel qualities and reduce the CORESET resource overhead.   If the CORESET is UE-specifically configured and not shared with other UEs, the aggregation level configured for a UE could be simplified based on the cell coverage to minimize the number of the blind decoding.   In particular, the periodicity of the PDDCH-based power saving signal/channel is expected to much larger than that of PDCCH.  The need of different aggregation levels in reducing the power saving signal/channel overhead is small.   Thus, one aggregation level for a given CORESET is sufficient for the PDDCH-based power saving signal/channel based on the deployment scenario and the target operation point.
Proposal 4:  The number of aggregation levels configured for the PDDCH-based power saving signal/channel should be minimized (e.g., 1) based on the deployment scenario and the operation point.  

Number of Blind Decoding of the PDDCH-based power saving signal/channel
If the CORSET is UE-specific configured without sharing with other UEs and one aggregation level is configured, UE can decode the PDDCH-based power saving signal/channel without any blind decoding.  This will also improve the decoding performance of the PDDCH-based power saving signal/channel.   
Proposal 5:   The number of blind decoding for the PDDCH-based power saving signal/channel should be minimized with the target to be 1.  

Configuration of PDDCH-based power saving signal/channel monitoring occasions 

The PDDCH-based power saving signal/channel is configured based on the power saving schemes.   For UE adaptation to the DRX operation, the PDDCH-based power saving signal/channel is used as the wakeup signal/channel to trigger UE wakeup or stay in the sleeping state before the DRX ON.   The periodicity of the PDDCH-based power saving signal/channel would be the same as the DRX periodicity for power saving signal/channel triggering UE adaption to the DRX operation.   The power saving signal/channel would be configured before the DRX ON, which outside the Active Time.  UE is not required to monitor the PDCCH outside the Active Time.   The CORESET/search space configuration of the power saving signal/channel used as the wakeup signal for adaptation to the DRX operation would be configured outside the Active Time.  Since UE is not required to monitor PDCCH outside Active Time, UE will only require monitoring the power saving signal/channel at the configured offset before the DRX ON.    

Proposal 6: PDCCH based power saving signal/channel should be configured before the DRX ON period.  The  UE monitoring occasion of the power saving signal/channel is outside the Active Time for UE adaptation to the DRX operation.   

If the DCI format of the PDCCH-based powers saving signal/channel uses the enhancement of existing DCI for the indication of both scheduled PDSCH/PUSCH transmission and the power saving techniques, the monitoring occasion would be the same as the PDCCH monitoring occasion, which is configured by higher layer.   

Proposal 7: When enhancement of existing DCI is used for the DCI format of the power saving signal/channel, the UE monitoring occasion of the power saving signal/channel is same as that of PDCCH

PDCCH-based power saving signal configuration and monitoring occasion in multi-beam configuration

The PDCCH-based power saving signal/channel could be beamformed to extend the coverage before transmitting in multi-beam configuration.  The beamformed power saving signal/channel is needed for FR2.    UE could be covered by any one of the multiple beams at a given time.  The optimized transmission beam direction might diverge with time varying, as shown in Figure 1. UE might receive DL transmission from different beams.  Beams mismatch will degrade power saving signal/channel performance significantly.  When DRX is configured, UE might be moving around among beams during the DRX OFF state.  The CORESET of power saving signal/channel should be configured for each beam in order for UE to detect when gNB suspend the beam management during the UE sleep.  Each beam is configured with a CSI-RS or SSB for beam management.  The CORESET of the power saving signal/channel should be QCL with a given CSI-RS or SSB resource in multi-beam configuration.      

                                                                      
[bookmark: _Ref7817342]Figure 1: Beamformed power saving signal/channel
Proposal 8: The CORESET of the PDDCH-based power saving signal/channel should be configured for each beam with each beam QCL’d with a CSI-RS resource or SSB to provide better power saving signal/channel detection performance.
For FR1, the beamformed power saving signal/channel could be achieved through digital beamforming.  The CORESET could be mapped to the same resources for all beams.  It implies that all CORESETs are QCL’d to one CSI-RS resource or SSB.  UE would receive the power saving signal/channel in the form of SFN combination from all beams.   
Proposal 9: The CORESET of the digital beamformed power saving signal/channel should be configured at the same radio resource with all beams QCL’d to one CSI-RS resource or SSB.   

Power Saving Signal/Channel Triggering UE Power Saving Techniques

Power Saving Signal/Channel Triggering Adaptation to DRX operation

The PDCCH-based power saving signal/channel is used to trigger UE whether to wake up in DRX cycle and to indicate whether UE would have DL data to receive at the upcoming DRX ON period. UE will monitor the power saving signal/channel before the DRX ON period. If the UE does not receive the positive acknowledgement from the power saving signal/channel before the DRX cycle, UE would assume that there is no data for him and will stay in the sleep without waking up. This would reduce the UE power consumption by not waking up and decoding the PDCCH during the whole DRX ON period.
For C-DRX, the Active Time in DRX cycle includes the “On-duration” of the DRX cycle, the time UE is performing continuous reception while the inactivity timer running, and the time when the UE is performing continuous reception while waiting for a retransmission opportunity. In the case of the bursty traffic, continuously monitoring PDCCH in the active time could result in the unnecessary power consumption for UE.  When UE wakes up at the DRX ON-duration, UE needs to have a series of operations to get ready for data transmission, such as channel/beam tracking and CSI/RRM measurements. In order to reduce the unnecessary power consumption for UE, the indication from the power saving signal/channel is used as WUS to wake UE up to be ready outside active time and GTS to indicate UE to go to sleep in the active time with the procedure shown in Figure 2.   Although MAC-CE has the capability of terminating the InactivityTimer to trigger UE go-to-sleep, the MAC-CE is part of PDSCH transmission.  gNB needs to schedule a PDSCH to ask UE go-to-sleep regardless there is data for the UE or not.   


[bookmark: _Ref7819780]Figure 2 WUS and GTS indication from Power saving signal/channel
From the concise design of DCI bit field of view, at least 1 bit would be used for power saving indication, which can be used as GTS indication in the active time and used as WUS indication outside active time for C-DRX. The details of the power saving indication can be list in the following table.

Table 1. The bit filed indication example for power saving indication
	The bit filed indication
	Description 

	1
	Denotes WUS and indicates UE to wake up outside active time

	0
	Denotes GTS and indicates UE to skip PDCCH monitoring or go to sleep in upcoming time in active time




Triggering PDCCH Skipping or Switching PDCCH Monitoring 

Trigger UE skipping PDCCH monitoring in single cell 

For the bursty traffic, UE need to monitor PDCCH at each PDCCH monitoring occasion during the active time, which can result in unnecessary power consumption. In order to reduce PDCCH monitoring before next data packet transmission, an 1-bit or 2-bit PM skipping indication would be included in the PDCCH based power saving signal for  skipping PDCCH monitoring. When UE receives the PM skipping indication in power saving signal, UE will skip the subsequent PDCCH occasions according. UE will continue to monitoring the next PDCCH as normal manner from one code point.   The PM skipping indication would be included in both the enhancement of existing DCI and new DCI.  The PM skipping indication is included in existing DCI enhancement to provide the information of scheduled PDSCH transmission and PDCCH monitoring/skipping.   The PDCCH skipping would be indicated at the end of the PDSCH reception.   The PDCCH skipping will allow UE skipping number of PDCCH occasions and lead to UE to monitor the PDCCH-based power saving signal/channel at the next monitoring occasion as shown in Figure 3.  If UE monitoring PDCCH after skipping, UE will get CRC failure and can not retrieve any new PM skipping indication if no PDSCH transmission is scheduled.    UE will get CRC check successfully if UE monitors power saving signal/channel after PM skipping.  

Proposal 10:  The PM skipping indication is included in the DCI contents of both the enhancement of existing DCI and new DCI format.   


[bookmark: _Ref7821339]Figure 3: Power saving signal/channel used for PDCCH skipping
Further consideration on DCI bit field details for triggering to skip PDCCH monitoring, at least 1bit could be configured, which is similar as WUS and GTS function. E.g., ‘0’ is used to indicate UE could continue to monitor subsequent PDCCH and ‘1’ is used to indicate UE could skip N PDCCH monitoring occasions as shown in Table 2. Where, N could be configured by higher layer signalling. If more than one bit is configured for PDCCH monitoring indication, multiple PDCCH skipping steps could be configured. One example of 2-bit PDCCH skipping indication is shown in Table 3, which can indicate the next PDCCH monitoring occasion.
Table 2. The bit filed indication example for PM skipping indication with 1 bits
	The bit filed indication
	Description 

	0
	Denotes UE to continue monitoring next PDCCH occasion

	1
	Denotes UE to skip N PDCCH monitoring occasions, which is configured by higher layer signaling



Table 3. The bit filed indication example for PM skipping indication with 2 bits
	The bit filed indication
	Description 

	00
	UE continues monitoring next PDCCH occasion

	01
	UE skips N1 PDCCH monitoring occasions

	10
	UE skips N2 PDCCH monitoring occasions

	11
	UE skips N3 PDCCH monitoring occasions



Trigger UE skipping PDCCH monitoring in multi-cell operation
[bookmark: OLE_LINK34]UE shall monitor PDCCHs on PCell and all activated SCells in CA except cross-carrier scheduling is configured.    Dynamic SCells selection can provide higher throughput for the busty traffic, however, the unnecessary power consumption also can be resulted in for no-traffic transmission. For this case, UE should be indicated to reduce PDCCH monitoring in SCells by power saving signal when PM skipping is indicated. When new data arrives, UE will return to indicated SCells and monitor the PDCCH in these SCells by ‘WUS’ indication. In order to indicate the PDCCH monitoring skipping in CA case, besides PM skipping indication, a list of active SCell monitoring is introduced in power saving signal/channel as shown in Figure 4. The mapping of PM skipping indication is shown in Table 2 or Table 3.


[bookmark: _Ref7821854]Figure 4: The procedure of PDCCH monitoring skipping in CA
For list of active SCell monitoring with N=5 bits,  the power saving signal/channel can indicate the number of SCells monitored by UE in further data transmission, which could denote at most M=2N-1=31 combination of different active SCells. The M SCell sets can be pre-configured by higher layer signaling according to Table 4 and the example of the bit field indication for SCell monitoring list is shown in Table 5. If UE finds the PM skipping indication with non-zero and SCell monitoring list with all zero, UE will continue to monitor the power saving signal in PCell at the indicated occasion. If UE finds that the PM skipping indication in power saving signal denotes zero and the SCell monitoring list is all zero, UE will only monitor the PDCCH in PCell at next monitoring occasion. If UE finds that the PM skipping indication in power saving signal is zero and the SCell monitoring list is non-zero, such as ‘00010’, UE will not only monitor the PCell but also monitoring 2 SCells based on the pre-configured SCell sets in higher layer signalling.
Table 4. SCell monitoring list pre-configured by higher layer signaling
	Number of the SCells
	The SCell list pre-configured by higher layer signaling

	1
	{Scell_11}

	2
	{Scell_21，Scell_22}

	3
	{Scell_31，Scell_32，Scell_33}

	……
	……

	M=2N-1
	{Scell_M1，Scell _M2，…….，Scell_MM}



Table 5. The bit filed indication example for SCell monitoring list
	The bit filed indication
	Description 

	00000
	Denotes that only PCell will be monitored.

	00001~11111
	Indicates the number of active SCells combination monitored by UE in further data transmission, which could denote the most 25-1=31 active SCells combinations.



Proposal 11:  The PM skipping indication filed includes a list of the active SCell in combination for triggering   PDCCH monitoring at those active SCells in multi-cell operation.   

Triggering of RS transmission

In current CSI and DRX operation procedure, UE can only report periodic CSI in DRX Active time and semi-persistent CSI in DRX Active time as well conditioned on no CSI masking. It restricts gNBs to acquire CSI report timely and UEs to receive data with lower power cost. 
For the periodic CSI report, CSI configuration and DRX configuration are independent and the sets of CSI report and resource periodicity and DRX cycle are different, the CSI measurement and report cannot be always ensure to appear near the DRX cycle starting position, as illustrated in Figure 5 where the CSI-RS resource periodicity is less than DRX cycle.  In the first DRX-cycle, CSI-RS is between the power saving signal and the start of DRX active time, but in the second DRX cycle, the CSI-RS is before power saving signal.  From UE power saving perspective, the CSI measurement and report should be after the triggering by the power saving signal/channel.  If there is no power saving signal/channel received, UE does not implement CSI measurement and report.
 (
time
DRX-cycle
DRX-cycle
Active time 
Power saving signal
CSI
-
RS
)






[bookmark: _Ref7822386]Figure 5: Illustration for the periodic/semi-persistent CSI report in DRX cycle
To solve the issue, power saving signal/channel can trigger a shift of CSI resource and report.   One simple way is to make the CSI resource and report periodicity aligned with DRX cycle. If every DRX cycle is the integer multiples of CSI periodicity, the CSI measurement and report can be always set at the DRX cycle starting position. Some values should be added to the CSI resource and report periodicity set. The add periodicities should also be less than 320 slots for CSI report and 640 slots for CSI resource. The maximum periodicities are the same as that in Rel-15.
The aperiodic CSI report can be triggered by power saving signal explicitly or implicitly.  The explicit way is similar to “CSI request” in DCI format 0_1 in which one index in DCI indicates the aperiodic state to be reported.  In implicit option, detection of power saving signal/channel triggers the aperiodic CSI measurement and report, where only one CSI state is configured by higher layer for implicit trigger and the CSI state includes the required CSI for multiple cells. For the case of CSI update due to long DRX cycle, implicit option is a suitable solution with lower overhead. In Rel-15, the aperiodic CSI report resource is indicated by scheduling DCI. In power saving case, the resource for CSI report can be indicated by a) power saving signal/channel among the candidates configured by RRC signaling or b) RRC signaling. Although option a) is more flexible, it costs more bits in power saving signal than option b). 
Proposal 12:  The following two methods make gNB acquire CSI in a timely way during the DRX procedure:
A) Some values should be added to the CSI resource and report periodicity set to make the CSI measurement and report always at the DRX cycle starting position.
B) The aperiodic CSI report can be triggered by power saving signal/channel explicitly or implicitly.



Triggering of Dynamic Configuration of Cross-Slot Scheduling

DCI-based power saving signal could carry cross-slot scheduling information, e.g., K0,K2, aperiodic CSI-RS offset. It could be considered that using 1 bit to dynamically indicate the minimum K0, K2, and aperiodic CSI-RS offset for cross-slot scheduling. Further consideration multiple carriers and BWP, cross-slot indication for different carrier and BWP could use two options for indication:
· Option1: using same cross-slot scheduling parameters indication for all of active cells and BWP, 
· Option2: using separated cross-slot scheduling parameters indication for each active cells and BWP, 

Cross-slot scheduling is used for UE power saving.  In multi-cell operation, the K0, K2, and CSI-RS offset should be set the same to allow the UE processing at the same slot and micro sleep at other time. If the K0, K2 and CSI-RS offset have different values among active cells/BWP, UE will have PDSCH processing at one slot for one cell and the other PDSCH processing/CSI measurements for another cell at the other slot.  This would reduce the opportunity of UE micro sleep and increase the UE power consumption.   
Proposal 13 : Same parameters of K0, K2, and CSI-RS offset for cross-slot scheduling are set for all active cells and its associated BWP.



Indication of the configuration of DRX for upcoming DRX ON  
For RRC_CONNECTED mode, power saving signal/channel transmitted in current DRX ON can be used for indication of UEs power consumption reduction of upcoming DRX ON cycles. For example, power saving signal/channel can be utilized for indication of DRX configuration of upcoming multiple DRX. With DRX configuration, if the gNB could know in advance that no PDCCH/PDSCH are scheduled in the following N DRX cycles, wake up signal detection before corresponding DRX ON periods can be skipped and UE will continue stay in sleep state in the next N DRX cycles for power consumption reduction purpose as shown in Figure 6.  Although UE might needs to wake up occasionally to perform measurements, such as RRM measurements, it will be UE implementation with minimizing the UE power consumption.  


[bookmark: _Ref7823591]Figure 6: Power saving signal/channel triggering UE skipping N DRX cycles

Triggering BWP switching and SCells Activation/Deactivation

Power saving signal/channel can be used for triggering BWP switching or dynamic activation/deactivation of SCells. The key criteria is to quick acquisition of channel state information of new BWP/carriers after dynamic switching.  If the power saving signal/channel is used for triggering the UE adaptation to the DRX operation, it could also use to trigger the BWP switching/SCell activation/deactivation when there is data arrival at the next DRX ON period.   This will allow UE performing the channel tracking and CSI/beam measurements in the preparation period before the DRX ON and switching to the desired BWP or activating a number of SCells with one triggering by the PDCCH-based power saving signal/channel.    
The number of bits in the DCI field for triggering BWP switching and SCell activation/deactivation has similar consideration as the indication of UE adaptation to the DRX operation.   At least 2 bits could be configured to indicate four states for association between the BWP and the combination of SCell or SCell grouping.  
Table 6: Bit field indication example for relationship between BWP swithching and Scell activation
	BWP and SCell indication
	BWP index
	Scell index

	00
	Configuration 0
	Configuration 0

	01
	Configuration 0
	Configuration 1

	10
	Configuration 1
	Configuration 0

	11
	Configuration 1
	Configuration 1



Proposal 14:  PDCCH based power saving signal/channel can include the BWP and SCell activation/deactivation information in the DCI content.

 PDCCH base power saving signal/channel structure
The DCI content of the PDCCH-based power saving signal/channel should be designed to have the flexibility of multiple information fields in indicating the combination of different UE power saving schemes, such as UE adaptation to the DRX operation, BWP/SCell operation, or PDCCH skipping.  Since RAN2 is still studying some aspects of power saving schemes, such as DRX, BWP/SCell operation, PDCCH skipping, MIMO layer adaptation, and RRM power consumption reduction, the DCI design of the PDCCH-based power saving signal/channel should take into consideration of the potential schemes studying in RAN2.  The PDCCH-based power saving signal/channel design should also have forward looking to consider other possible power saving schemes.   

DCI structure
Flexibility and overhead of power saving signal/channel should be considered for supporting energy efficiency. Two approaches can be considered for the DCI design of the PDCCH-based power saving signal/channel; they are one-stage and two-stage UE-specific indications.  
Option1: using one stage DCI to indicate the possible combination of power saving schemes. Every power saving schemes could be allocated in the corresponding bit fields as shown in Figure 7. The shortcoming of this option is that it needs to reserve one code point to indicate the associated power saving scheme is OFF (not included in the indication) and more bits to support all of power saving schemes.  .


[bookmark: _Ref7823677][bookmark: OLE_LINK28][bookmark: OLE_LINK29]Figure 7: One single DCI to indicate all of power saving functions
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Option2: using two stages DCI to indicate the combination of power saving schemes.  The 1st stage of the bit-map indicates the combination of power saving schemes (functions) include in the DCI.   The 2nd stage is the exact function to indicate the power saving scheme.  The 1st stage indication could provide the information whether any of the functions would be included in the DCI contents.  There is no need to have one code point in each function to address the function being “OFF”.     The 2-stage indication is flexible for varied power saving function configurations. 


Figure 8: One single DCI to indicate all of power saving functions and ‘bitmap’ indication


Evaluation of PDCCH based power saving signal/channel
The PDCCH based power saving signals/channels is evaluated with target miss detection probability at 0.1%.  More specifically, PDCCH with AL=4,8,16, bundle size=6, 2 symbols CORSET are evaluated and detail simulation assumption can be found in the appendix.  Miss detection performance of PDCCH based power saving signal/channel in AWGN and fading channel is given in Figure 9-10 with the payload size of DCI being 12, 16, 32, and 80. The operation point of the PDCCH based power saving signal/channel is based on the coverage of the deployment scenario, e.g., SINR = -2 dB.   We can see that AL=8 with the payload size of DCI=12 can provide good miss detection performance. With increase of DCI size, miss detection performance of PDCCH based power saving signal/channel degrade significantly then compact DCI is preferable in DCI design.
 [image: ]
Figure 9: Miss detection of power saving signals/channels in AWGN channel
[image: ]
Figure 10: Miss detection of power saving signals/channels in fading channel
Observation 1: AL=8 and the payload size of DCI=12 can provide good miss detection performance for PDCCH based power saving signal/channel.

Conclusion: 
In this contribution, PDCCH based power saving signal/channel design and performance evaluation are discussed and analyzed.  We have the following proposals, 
· Observation 1: AL=8 and the payload size of DCI=12 can provide good miss detection performance for PDCCH based power saving signal/channel.
· Proposal 1: PDCCH-based power saving signal/channel is a new physical channel, which reuse the PDCCH structure.  
· Proposal 2: The CORESET/search space, the DCI format(s) and the UE monitoring of the PDCCH-based power saving signal/channel needs to be specified.
· Proposal 3:  The CORESET/search space configuration of PDCCH-based power saving signal/channel should be UE-specific and not shared with other UEs.  
· Proposal 4:  The number of aggregation levels configured for the PDDCH-based power saving signal/channel should be minimized (e.g., 1) based on the deployment scenario and the operation point.  
· Proposal 5:   The number of blind decoding for the PDDCH-based power saving signal/channel should be minimized with the target to be 1.  
· Proposal 6: PDCCH based power saving signal/channel should be configured before the DRX ON period.  The  UE monitoring occasion of the power saving signal/channel is outside the Active Time for UE adaptation to the DRX operation.   
· Proposal 7: When enhancement of existing DCI is used for the DCI format of the power saving signal/channel, the UE monitoring occasion of the power saving signal/channel is same as that of PDCCH
· Proposal 8: The CORESET of the PDDCH-based power saving signal/channel should be configured for each beam with each beam QCL’d with a CSI-RS resource or SSB to provide better power saving signal/channel detection performance.
· Proposal 9: The CORESET of the digital beamformed power saving signal/channel should be configured at the same radio resource with all beams QCL’d to one CSI-RS resource or SSB.   
· Proposal 10:  The PM skipping indication is included in the DCI contents of both the enhancement of existing DCI and new DCI format.   
· Proposal 11:  The PM skipping indication filed includes a list of the active SCell in combination for triggering   PDCCH monitoring at those active SCells in multi-cell operation.   
· Proposal 12:  The following two methods make gNB acquire CSI in a timely way during the DRX procedure:
Some values should be added to the CSI resource and report periodicity set to make the CSI measurement and report always at the DRX cycle starting position.
The aperiodic CSI report can be triggered by power saving signal/channel explicitly or implicitly.
Proposal 13 : Same parameters of K0, K2, and CSI-RS offset for cross-slot scheduling are set for all active cells and its associated BWP.
Proposal 14:  PDCCH based power saving signal/channel can include the BWP and SCell activation/deactivation information in the DCI content.
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Appendix
Table 2: Simulation assumption for power saving signal/channel
	Parameter
	value

	Carrier frequency
	4 GHz

	Channel model
	AWGN/TDL-C 100ns

	SCS
	15KHz

	Mobile speed/Doppler shift
	10 Hz (3 km/h)

	Antenna configuration
	{2,1}/{2,2}

	AL
	4,8,16
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