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Introduction
In RAN1#98bis[1], 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 following working assumption is confirmed:
· More than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON
Agreements:
The following working assumption is confirmed:
· UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.   
Agreements:
Confirm the following working assumption:
· The CORESET for power saving signal/channel outside Active Time can be associated with (in addition to search space set for power saving signal/channel) other search space set(s).
Agreements:
UE follows legacy DRX operation to wake up and start the OnDurationTimer at the next DRX ON at least for the case when the active BWP is not configured with the PDCCH –based power saving signal/channel
· FFS other cases (e.g., the monitoring occasion at the PDCCH-based power saving signal/channel is not valid for the UE,  e.g., collision with other procedures)
Agreements:
· The PDCCH-based power saving signal/channel can be configured for long DRX for a UE
· (Working assumption) If there is also short DRX cycle configured for the UE, the PDCCH-based power saving signal/channel is not applicable for the short DRX cycle
Agreements:
[bookmark: _Hlk22055053]For a UE, the following information can be configured to be included in the new DCI for the WUS PDCCH scrambled by PS-RNTI 
· Indication to wake up or not to wake up 
· L1 based mechanism for transitioning from ’dormancy-like’ to ’non-dormancy like’ behaviour on activated Scells,  as agreed in MR CA/DC
· FFS: Triggering -CSI-report
· FFS: whether or not the bitwidths of some or all of the above information fields can be zero
Agreements:
· CORESET(s) for PDCCH-based power saving signal/channel outside Active Time is not distinguished from those CORESETs inside Active Time.
Agreements:
· In Active Time, a Rel-16 UE is not expected to monitor the new DCI format for the WUS PDCCH scrambled by PS-RNTI.
Agreements:
UE starts monitoring the PDCCH with CRC scrambled by PS-RNTI  at the configured PS_offset before the start of DRX ON until the end of the configured range of monitoring.   
· The “PS_offset” is a new higher layer parameter  
· (Working assumption) the range of monitoring is derived based on existing parameters, e.g., duration and  monitoringSymbolsWithinSlot, in SearchSpace IE without any change 
· Note: the value of “range” is smaller than that of PS_offset, e.g., to ensure UE with sufficient time for preparing for PDCCH monitoring at the DRX ON
Search space is configured for the indication of monitoring DCI with CRC scrambled by PS-RNTI.
· Reuse the existing search space configuration with all or subset of parameters, e.g., the periodicity and the offset
· FFS: The restriction in the  supported periodicity, the aggregation level and the number of blind decoding for the new DCI with CRC scrambled by PS-RNTI
Agreements:
The new DCI of PDCCH-based power saving signal/channel outside Active Time is designed with UE-specific configured power saving information for one or more UEs .
· The new DCI format supports multiplexing of one or more UEs
· FFS: Whether the starting position and the location of the indication in the new DCI format for a specific UE is based on higher layer configuration
· FFS: Details of the DCI format design for a specific UE
· Whether new DCI format is similar to that of DCI format 2_x
Agreements:
A new DCI format 3_0 is introduced for providing the indication of power saving information used outside Active Time in Rel-16
Agreements:
Terminology of PDCCH-based power saving signal/channel outside Active Time is DCI with CRC scrambled by PS-RNTI 
· Note PS-RNTI is monitored only outside Active Time in Rel-16
Agreements:
· TCI state and update mechanism for the CORESET(s) used for DCI format 3_0 follow Rel-15 procedures 
Agreements:
If a DCI format 3_0 outside Active Time is not detected by a UE, “UE wakeup or not” is configured by the higher layer signalling to address this case
· The default is “not wake up”
Agreements:
If UE detects DCI format 3_0 in the monitoring occasion(s), UE follows the indication of wakeup or not from the corresponding field.   

This contribution describes the remaining detail in the design of the PDCCH-based power saving signal/channel.          
  
[bookmark: _Ref16851749]Configuration of Power Saving Signal/Channel outside Active Time

  Configuration of offset range 
From RAN1#98bis, UE starts monitoring the PDCCH with CRC scrambled by PS-RNTI at the configured PS_offset before the start of DRX ON until the end of the configured range of monitoring. The PS_offset and the existing parameters, e.g. duration and monitoringSymbolsWithinSlot, in Searchspace IE can explicitly indicate the monitoring occasion of DCI format 3_0 with CRC scrambled by PS-RNTI, whose details can be found in Figure 1.


[bookmark: _Ref24032823]Figure 1: The configuration of offset range for WUS








[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK5][bookmark: OLE_LINK8]According to PDCCH monitoring procedure in Rel-15, UE monitors PDCCH candidates for search space set  for  consecutive slots, starting from slot , and does not monitor PDCCH candidates for search space set  for the next  consecutive slots, in which , and  are configured by the parameters monitoringSlotPeriodicityAndOffset and duration in SearchSpace IE. Furthermore, UE can derived the monitoring symbols in the last slot according to the parameter monitoringSymbolsWithinSlot and duration in CORESET IE, based on which UE only need to buffer the certain symbols in the last slot. Thus, the range of DCI format 3_0 monitoring can be derived based on existing parameters, e.g., duration and monitoringSymbolsWithinSlot, in SearchSpace IE without any change.
[bookmark: OLE_LINK9]The monitoring periodicity of DCI format 3_0 could be configured as the nearest value as that of the DRX cycle or the smaller ones, such as 10 slots, which depends on gNB’s implementation. However, the periodicity of monitoringSlotPeriodicityAndOffset and DRX cycle are difficult to align when the DRX cycle is large since the granularity of Long DRX cycle is ms with the maximum value 10240ms, while the granularity of monitoringSlotPeriodicityAndOffset is slots with the maximum value 2560 slots. UE can monitor the DCI format 3_0  starting from  PS_offset before the DRX ON, which is configured by higher layer signalling, and the monitoring range can be obtained from the parameters in search space set configuration of DCI format 3_0. Once the DCI format 3_0 is detected, UE would not perform DCI format 3_0 candidates monitoring at following monitoring occasions before DRX ON.
For the multiple monitoring occasions, multiple search space sets would be configured to associate with the configured CORESET, which up to 3 CORESET can be configured outside Active Time.  The configuration of multiple search space sets for DCI format 3_0 can be found in Figure 2. The candidate DCI format 3_0 can be potentially detected in different monitoring occasions based on the parameters duration and monitoringSymbolsWithinSlot in each search space set. In this case, when UE detects the DCI format 3_0 in whatever search space set, UE would not continue monitoring DCI format 3_0 before DRX on-duration.



[bookmark: _Ref24114643][bookmark: _Ref24096102]Figure 2: The configuration of offset range in multi-beam scenario
Proposal 1: The PS_offset and the existing parameters, e.g. duration and monitoringSymbolsWithinSlot, in Searchspace IE can explicitly indicate the monitoring occasions of DCI format 3_0 with CRC scrambled by PS-RNTI. 

Configuration of PDDCH-based power saving signal/channel on short and long DRX cycle 

In RAN1#98bis, the PDCCH-based power saving signal/channel can be configured for long DRX for triggering UE adaptation to DRX operaiton. However, when the short DRX cycle is also configured, the PDCCH-based power saving signal/channel is not applicable for the short DRX cycle, especially for a short DRX cycle.
The parameters in search space configuration for DCI format 3_0 monitoring would be more complicate for both long and short DRX cycle. For different DRX configuraitons, the processing time before DRX on-duration would be  different. Two PS_offset values will be independently configured for short DRX cycle and long DRX cycle, respectively. The other parameters in SearchSpace IE e.g. monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot, are expected to be the same for both long and short DRX cycle. In order to for a search space set to support both long and short DRX cycle, the search space periodicity should be set very small to adapt to the dynamic triggering of short DRX.   
The power saving gain would not be obvious for the smaller value of short DRX cycle. For example, when the value of short DRX cycle is 20ms, UE would not go to deep sleep due to shorter DRX cycle and wake up to detect the DCI format 3_0  for the next occurrence of DRX on-duration.  For the short DRX cycle configured case, the power saving gain may be obtained for one DCI format 3_0 associated with multiple short DRX cycles.
Last but not least, the DCI format 3_0  is designed to support the power saving information for one or more UEs.  The DCI format 3_0 is considered as the group-common format when power saving information from multiple UEs are multiplexed. The PS_offset and Search Space configuration of DCI format 3_0 are expected to configured to the same values for the group users. However, short DRX would be triggered when long DRX is terminated. Short DRX would be more UE specifically triggered due to traffic arrival of individual UE. The PS_offset and SearchSpace configuration  for short DRX cycle would have different starting point and control parameters for different UEs. The complexity of the design of DCI format 3_0 and search space configuration would increase if both long and short DRX are supported for UE adaptation to DRX operation.  
Proposal 2: If the short DRX cycle is configured, the PDCCH-based power saving signal/channel is not applicable to the short DRX cycle.
Aggregation level 
The aggregation level of the PDDCH-based power saving signal/channel would be determined by 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.  As DCI format 3_0 can support multiplexing of multiple UEs, CCE aggregation levels configured in Search Space should be based on the maximal coverage or worst received SNR of UE within the group to ensure good miss detection performance. If the CORESET/Search Space 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 all the aggregation levels in reducing the power saving signal/channel overhead is small. Even when “UE not wakeup” was configured by the higher layer in the case of without detecting DCI format 3_0 outside Active Time, it should be used as last resort to ensure reliability of WUS, but not as a reason to relax the miss detection performance of power saving singnal/channel. Thus, the number of aggregation levels configured for the DCI format 3_0 should be minimized (e.g., 4, 8, 16) based on the deployment scenario and the operation point.
Proposal 3:  At least value 1 and 2 should not be configured as the number of aggregation levels for the DCI format 3_0.  
　
Number of Blind Decoding of the PDDCH-based power saving signal/channel

Blind decoding number is determined by total number of PDCCH candidates configured for search space. For type 0/1/2 CSS, maximum candidates number configuration per cell are shown in Table 1, where total of 16 CCEs are applied to different aggregation levels, which satisfy the mis-detection of DCI format 3_0 at 10-3. For simplicity, such configuration given in Table 1 can be reused for transmission of DCI format 3_0 in both CSS and USS. On the other hand, if the CORSET is UE-specific configured without sharing with other UEs outside Active Time with  one configured aggregation level, UE can decode the DCI format 3_0  with only one blind decoding.  This will also improve the decoding performance of the DCI format 3_0. Then, the configurable number of blind decoding for the PDDCH-based power saving signal/channel should be minimized, with a range from 1 to 7. 
[bookmark: _Ref23947285]Table 1: Aggregation levels and maximum number of PDCCH candidates per Aggregation level
	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1



Proposal 4:  The configurable number of blind decoding for the PDDCH-based power saving signal/channel should be minimized, with a range from 1 to 7.
CORESET for DCI format 3_0 monitoring overlapped with other signal/channel and procedures 
   
To keep align with the specification of NR Rel-15, if a UE has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and there is at least one RE for a PDCCH candidate for DCI format 3_0 overlaps with at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in ServingCellConfigCommon, the UE is not required to monitor the PDCCH candidate for DCI format 3_0.
For a set of symbols of a slot that are indicated to a UE as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, the UE does not receive PDCCH for DCI format 3_0 in the set of symbols of the slot.
When the monitoring occasion of DCI format 3_0 is dropped, UE behaviour is same as CRC error in PDCCH decoding. 
Proposal 5: If at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block, UE does not monitor PDCCH candidates for DCI format 3_0. 
Proposal 6: If a set of symbols of a slot that are indicated to a UE as uplink by high layers, UE does not receive the PDCCH candidates for DCI format 3_0.
[bookmark: _Toc21107270]Proposal 7: When the monitoring occasion of DCI format 3_0 is dropped, UE behaviour is same as CRC error in PDCCH decoding.

 Design of DCI format 3_0 

DCI format and size
· DCI format
It was agreed in RAN1#98 meeting that the new DCI format for power saving signal/channel is configured to be monitored at least in CSS and FFS for USS. Therefore, we consider two candidate schemes as following:
 Option 1: The DCI of WUS can be in USS or CSS.
Option 2: The DCI of WUS can be only in CSS.
For Option 1, the configuration of SS set for DCI format 3_0 is the same as that of legacy SS set in Rel-15. The UE can monitor the PDCCH for DCI format 3_0 in USS, if the indication of power saving techniques and associated information is UE specific. If the DCI format 3_0 is the group-common, the search space set can be in CSS.  UE in the group can obtain its power saving information via detecting the DCI format 3_0 in CSS. For the special case, the UE-specified DCI can also be detected in CSS as that in Rel-15 PDCCH monitoring. If group-common and UE-specific triggering are both supported for DCI format 3_0, DCI format 3_0 in USS or CSS would be the best resolution for its flexibility.
For Option 2, there are more restriction for the DCI format 3_0 in CSS, where UE power saving information would be multiplexed with that of other UEs’. If the DCI format 3_0 only supports group common triggering, the UEs in the different groups would monitor the DCI format 3_0 at the same CCE index for the same aggregation level. The resource collision probability and interference would be increase for the different group users. In addition, the number of PDCCH candidates per CCE in CSS could limited the UE-specific power saving information transmission carried by DCI format 3_0, as shown in the Table 1 in section 2.4.  In the multi-beam configuration, if one of group users changes the associated beam dynamically by TCI state update. The new TCI sate is UE specifically updated by MAC CE. The group of UE in a DCI format 3_0 needs to regroup if the TCI update is different among UEs. The UE would to be reconfigured in a new group by higher layer signalling, which could result in additional transmission delay and additional power consumption.
Proposal 8: The search space configuration for DCI format 3_0 in USS or CSS provides the flexibility for UE adaptation to the DRX operation. 

· DCI size
The contents of DCI format 3_0 should include the combination of different power saving schemes with each flexible allocation of information bit field size. For outside Active Time, only fall back DCI can be monitored in type 0/1/2 CSS whose size can be aligned with that of DCI format 1_0. Therefore, power saving signal/channel DCI size needs not to align with that of scheduling DCI format 1_0/0_0. 
Actual DCI contents size has wide dynamic range, especially in the case of carrying multiple UE power saving information. The size of the DCI format 3_0 is designed and configured to ensure good miss detection performance of power saving signal outside Active Time. The size of UE-specific DCI format 3_0 can be 12bits, which is the minimum payload size applied to polar codes. For group common DCI format 3_0, DCI size can be configured by RRC signaling up to 140bits for multiplexing power saving information from multiple UEs. 
Proposal 9: The size of DCI format 3_0 does not need to align to that of scheduling DCI format 1_0/0_0. 
Proposal 10: The size of UE-specific DCI format 3_0 can be 12bits or more to carry the required information in achieving UE power saving.
Proposal 11: For UEs group power saving signal/channel, the size of DCI format 3_0 can be configured with RRC signaling up to 140bits for multiplexing power saving information from multiple UEs.

DCI structure

The design of DCI format 3_0 should support both UE specific and UEs group specific information in achieving UE power saving. A unified DCI format should be designed to have the flexibility of including multiple information fields in indicating the combination of different power saving schemes for one or more UEs.
Flexibility and overhead of power saving signal/channel should be considered in the design of DCI format 3_0. The DCI format 3_0 design can include two levels of power saving information; the 1st level is the basic power saving information indication for a UE, such as UE wakeup indication and the 2nd level is the additional power saving information blocks for the UE, such as SCell dormancy indication and CSI report trigger, as shown in Figure 3. The two-level “Power saving information element” can be configured per UE with higher layer signaling including following parameters: DCI payload size, the first level DCI payload size and position for basic power saving information”, and the 2nd level  block size and position corresponding to the index in the first level payload. The 1st level indication can be used to identify whether DCI format 3_0  is UE specific or group common. When all bits of first level payload are configured for single UE, the power saving information is UE specific, otherwise power saving signal/channel is UEs group specific. The two-level DCI format design allows the gNB to multiplex UE with different length of power saving information. For example, the 1st level is a one-bit indication of UE wakeup or not. The 2nd level is a X1 bit information for SCell dormancy when UE is configured with CA.   If some of the UEs in the group are not configured with SCell dormancy for CA, the 2nd level information would not be included.    


[bookmark: _Ref23947370]Figure 3: Two-level DCI format 3_0 design

Proposal 12: To support two-level DCI,  a new “PowerSaving information element” can be configured per UE with higher layer signaling including following parameters: 
· DCI payload size
· First level DCI payload position and size
· Second level DCI payload position and size corresponding to the first level DCI. 
Observation 1: First level DCI can also be used to indicate information other than power saving information, such as power saving signal/channel type, and index of power saving techniques. 
· UEs group power saving signal/channel
The flexible structure of the DCI format 3_0 design can use the  combination of 1st level and 2nd level DCI information to indicate power saving techniques with different field size from multiple UEs.  : For example, the 1st level DCI payload indicates  the selected number of UEs within the group to wake up before DRX ON cycle; the 2rd level is the additional  power saving information, such as SCell dormancy indication and CSI report,  corresponding the  respective UEs in the 1st level . 
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK18][bookmark: OLE_LINK19]When each UEs within one group is configured with power saving information with fixed power saving bits number, an example of the DCI format 3_0 structure is shown in Figure 4. In this case, one-bit wakeup/go-to-sleep indication is included in the 1st level of DCI. The additional power saving information with different bit-lengh is transmitted in 2rd level DCI payload of concatenated power saving information blocks. When the CRC is passed for decoding DCI format 3_0, the UE could determine power saving information based on predefined mapping rule between power saving information indication and power saving information blocks contained in 2st DCI payload. 



[bookmark: _Ref23947464]Figure 4: The flexible structure of  DCI format 3_0 to indicate group UEs power saving information with fixed states number
Two-level DCI design can provide flexibility on supporting different power saving information. The flexible two-level design of DCI format 3_0 could support additional information of power saving techniques in Rel-17 and beyond with variable size of power saving information.   


Figure 5: Unified DCI to indicate group UEs power saving information with variable states number
Two-level DCI can provide good miss detection performance. If all the bits configured for one UE in 1st level DCI payload are zero, UE will go to sleep for the next DRX cycle.   Otherwise UE will wake up  and monitor PDCCH based on the indication  of corresponding power saving information blocks. Each power saving information block in the 2st level payload can be composed of one or multiple power saving techniques. If such block size was significantly greater than that of power saving information indication per UE in 1st level payload, bitmap overhead can be neglected.  
Two-level DCI also can provide much flexibility on RRC configuration for gNB. E.g., when a new UE was included existing group, gNB can configure UE corresponding position (e.g., starting position and length) in first level DCI payload without the need of RRC reconfiguration for all the UE within the group.
Observation 2: Two-level DCI can provide good miss detection performance and flexibility supporting different power saving information for multiple UEs.

· UE specific power saving signal/channel
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Two-level DCI can be employed to indicate the combination of UE specific power saving schemes as shown in Figure 6 The 1st stage of the bit-map indicates the combination of power saving schemes (functions) include in the DCI. The 2rd stage is the exact function to indicate the power saving scheme. The 1st level 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”.  When the 1st level indication is all zero bits, UE will not wake up for next DRX cycle. The 2-level indication is flexible for varied power saving function configurations.  


[bookmark: _Ref23947552]Figure 6: Unified DCI to indicate combination of power saving functions of single UE
Proposal 13: The proposed two-level DCI should be specified for carrying one or more UEs power saving information. 

DCI contents/functions  

Triggering -CSI-report

In NR，when DRX is configured, at least one CSI-RS and/or CSI-IM resource should be configured in DRX Active Time for CSI computation. In TS 38.214,  5.1.6.1, it states that 　
“If the UE is configured with DRX, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported.”
And in TS 38.214, 5.2.2.5, CSI reports on DRX 
“When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later than CSI reference resource and drops the report otherwise.”
Outside the active time, CSI measurements and the update of CSI information are UE implementation. 
 In Rel-15, the periodic CSI report with csi-Masking would only report when drx_OnDurationTimer starts. If csi-Masking isn’t set, periodic/SPS CSI computation shall use at least one CSI-RS and/or CSI-IM occasion in DRX Active Time. For UE adaptation to the DRX operation, UE would only wake up triggered by DCI format 3_0.  The drx_OnDurationTimer would not start unless wake indication from DCI format 3_0. UE will not start the drx_OnDurationTimer most of time. In consequence, UE will not feedback periodic/SPS CSI report if drx_OnDurationTimer does not start. gNB would be handicap without the average radio channel quality information derived from periodic/SPS CSI report.   The periodic/semi-persistent CSI could be measured/reported outside Active Time for Rel-16. One way is to include the triggering of periodic CSI report in the DCI format 3_0 to allow the gNB to trigger periodic CSI report regardless UE is to wake up or not.  
Proposal 14: The periodic/semi-persistent CSI could be measured/reported outside Active Time for Rel-16.
Proposal 15:  A triggering bit of CSI report should be included in the content of DCI format 3_0 to allow gNB to request CSI report regardless UE is indicated to wake up or not.
If the trigger of CSI report is included in the DCI format 3_0 along with the UE wakeup indication, UE can perform the CSI measurements before DRX ON and feedback CSI report at the earliest UL resource provided by the gNB. There are two alternatives of triggering CSI report.
· Alt 1:  CSI report is triggered by DCI format 3_0 then 
· Triggering the start of OnDurationTimer right away (before DRX ON)
· UE receives UL grant (DCI format 0_1)  for  CSI report
· Alt 2: CSI report is triggered by DCI format 3_0 for UE to measure CSI before DRX ON
· UL grant is received after the start of OnDurationTimer
Alt 1 has the CSI report in  DCI format 3.0 triggering the start of the OnDurationTimer and moving UE to Active Time.  MAC protocol specified that UE monitors PDCCH if the MAC entity is in Active Time. This is similar to any UL triggering, such as SR and PRACH, to move UE into Active Time right away. UE needs to start monitor PDCCH once it becomes Active Time.  The advantage of Alt 1 is that UE could receive the DL grant right away when it gets to Active Time.  However, there is no valid CSI report.  The link adaptation gain would be degraded.   
Alt 2 is straight forward to indicate UE performing CSI measurements before DRX ON and feeding back CSI after the OnDurationTimer starts. The UL resource for CSI report is scheduled by UL grant after the start of OnDurationTimer. Then, alt 2 is preferred with minimum specification efforts.
Proposal 16: CSI report is triggered by DCI format 3 for UE to measure CSI before DRX ON.

	
	


Triggering dormancy-like/non dormancy-like behavior of SCells 

In R15, if UE is configured the CA/DC, the UE shall monitor PDCCH for PCell and all activated SCells before receiving SCell deactivation MAC CE or sCellDactivationTimer expiry. For efficient and low latency SCells configuration, the L1 based mechanism is agreed  in Multi-RAT DC and CA enhancements section to support transition between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells[2]. In RAN1 #98bis[1], L1 based mechanism has been agreed for the indication of transition between non-dormancy like and dormancy like behaviour outside Active Time.  An explicit information field for the UE is introduced to the DCI format 3.0 outside Active Time.
The number of bits in the DCI format 3.0 for triggering dormancy-like/non dormancy-like behavior of SCells could be configured up to 5 bits, with each bit indicating dormancy-like behaviour for  a SCell group. 

Proposal 17:  The number of bits in the DCI format 3.0 for triggering dormancy-like/non dormancy-like behavior of SCells could be configured up to 5 bits.

Power saving signal/channel transmission in Active Time
In RAN1#98 meeting, it was agreed that scheduling DCI format(s), 1-1 and/or 0-1 are enhanced to include power saving information and power saving technique using DCI formats 0_0/1_0 is not supported. There are some remaining FFS for power saving signal in active time discussed in this section, including:
· It applies to UE-specific search space.  
· It is FFS for the common search space.
· FFS: Which existing DCI formats includes the power saving information
· Use of non-scheduling DCI formats.

For non-scheduling DCI, e.g., DCI format 2_x, it can be utilized for scheduling group common information in type 3 CSS. As DCI size is proportional to number of UEs within group, including power saving information in non-scheduling DCI will cause DCI size increase significantly. On the other hand, cross-slot scheduling is dependent on UE traffic characteristic. Then, it is unnecessary to reuse of non-scheduling DCI formats to carry power saving information in Active Time.
As NR supports fallback DCI format and DCI format 2_x monitored in CSS, existing scheduling DCI formats with additional power saving field should not apply to CSS in Active Time.  
Proposal 18: It is unnecessary to reuse non-scheduling DCI to carry power saving information in Active Time for the Rel-16 UE.
Proposal 19: Existing scheduling DCI formats should not apply to CSS for power saving information transmission in Active Time.  

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 7 and Figure 8 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: ]
[bookmark: _Ref16934943]Figure 7: Miss detection of power saving signals/channels in AWGN channel
[image: ]
[bookmark: _Ref16934920]Figure 8: Miss detection of power saving signals/channels in fading channel

Conclusion: 
In this contribution, PDCCH based power saving signal/channel design and performance evaluation are discussed and analyzed.  We have the following observations and proposals, 
Observation 1: First level DCI can also be used to indicate information other than power saving information, such as power saving signal/channel type, and index of power saving techniques. 
Observation 2: Two-level DCI can provide good miss detection performance and flexibility supporting different power saving information for multiple UEs.

Proposal 1: The PS_offset and the existing parameters, e.g. duration and monitoringSymbolsWithinSlot, in Searchspace IE can explicitly indicate the monitoring occasions of DCI format 3_0 with CRC scrambled by PS-RNTI. 
Proposal 2: If the short DRX cycle is configured, the PDCCH-based power saving signal/channel is not applicable to the short DRX cycle.
Proposal 3:  At least value 1 and 2 should not be configured as the number of aggregation levels for the DCI format 3_0.  
Proposal 4:  The configurable number of blind decoding for the PDDCH-based power saving signal/channel should be minimized, with a range from 1 to 7.
Proposal 5: If at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block, UE does not monitor PDCCH candidates for DCI format 3_0. 
Proposal 6: If a set of symbols of a slot that are indicated to a UE as uplink by high layers, UE does not receive the PDCCH candidates for DCI format 3_0.
Proposal 7: When the monitoring occasion of DCI format 3_0 is dropped, UE behaviour is same as CRC error in PDCCH decoding.
Proposal 8: The search space configuration for DCI format 3_0 in USS or CSS provides the flexibility for UE adaptation to the DRX operation.
Proposal 9: The size of DCI format 3_0 does not need to align to that of scheduling DCI format 1_0/0_0. 
Proposal 10: The size of UE-specific DCI format 3_0 can be 12bits or more to carry the required information in achieving UE power saving.
Proposal 11: For UEs group power saving signal/channel, the size of DCI format 3_0 can be configured with RRC signaling up to 140bits for multiplexing power saving information from multiple UEs.
Proposal 12: To support two-level DCI,  a new “PowerSaving information element” can be configured per UE with higher layer signaling including following parameters: 
· DCI payload size
· First level DCI payload position and size
· Second level DCI payload position and size corresponding to the first level DCI. 
Proposal 13: The proposed two-level DCI should be specified for carrying one or more UEs power saving information. 
Proposal 14: The periodic/semi-persistent CSI could be measured/reported outside Active Time for Rel-16.
Proposal 15:  A triggering bit of CSI report should be included in the content of DCI format 3_0 to allow gNB to request CSI report regardless UE is indicated to wake up or not.
Proposal 16: CSI report is triggered by DCI format 3 for UE to measure CSI before DRX ON.
Proposal 17:  The number of bits in the DCI format 3.0 for triggering dormancy-like/non dormancy-like behavior of SCells could be configured up to 5 bits.
Proposal 18: It is unnecessary to reuse non-scheduling DCI to carry power saving information in Active Time for the Rel-16 UE.
Proposal 19: Existing scheduling DCI formats should not apply to CSS for power saving information transmission in Active Time.
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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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