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1. Introduction
According to the WID agreed in RAN 84 and RAN 85 [1], the scope of the UE power saving is given as the following:
1) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 
a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]
NOTE: Any change of PDCCH channel coding and payload interleaver is not in the scope
b) Specify the procedure of cross-slot scheduling power saving techniques [RAN1, RAN4]
NOTE: The procedure is in addition to Rel-15 cross-slot scheduling procedure
2) Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]
a) Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
i) Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 
b) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]
NOTE: Switching on/off the RF is part of the evaluation
4) Specify, if agreed, the mechanism to provide UE assistance information [RAN2, RAN1]:
· Study and select among the following UE assistance information for RAN2 by RAN#85:
power preferred information (baseline LTE PPI in a well-defined manner) and UE's preference on C-DRX, BWP and SCell configuration [RAN2].
NOTE: additional UE assistance information for RAN1-specific power saving techniques to indicate what setting of parameters related to this Work Item will lead to power savings for the UE can be included if agreed in RAN1.  
Note: 
The following objective may be considered in RAN#85 pending progress on SCell dormant behaviour and will be re-evaluated in RAN#85
· Study and specify (if agreed) power saving techniques to reduce PDCCH monitoring on activated SCells for CA and DC (EN-DC in particular).  
· Solutions (e.g. power saving signal/channel, enhancing Rel-15 DRX procedure) are to be discussed
· Enhancements to Rel-15 DRX procedure can be studied further if they do not violate the general principle of single DRX configuration per MAC entity
Based on the agreements made in previous meetings, we will further discuss the remaining issues for power saving PDCCH in this contribution.
2. [bookmark: _Ref498564494]Power saving signal/channel design
1. [bookmark: _Hlk521582650]
2. 
WUS PDCCH monitoring
In previous meetings, following agreements have been made on monitoring occasions for power saving PDCCH.
	Agreements (RAN1 #98b):
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 (RAN1 #98b):
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


Based on conclusion given by #98bis, more than one monitoring occasions can be configured within a slot or multiple slots before the DRX ON. The multiple monitoring occasions can be configured by only one search space set or multiple search space sets. And 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. Accordingly, it is neccessary to further consider whether or not the multiple PDCCH WUS monitoring occasion indications should be consistent and how to confirm the corresponding UE behavior. 


[bookmark: _Ref20746524]Figure 1  Inconsistent indications across PDCCH WUS monitoring occasion 

 
[bookmark: _Ref23769550]Figure 2 Consistent indications across PDCCH WUS monitoring occasions 
In previous meetings, it has been proposed that the start of the PDCCH-based power saving signal/channel occasion(s) before the start of DRX ON is between [1] slot and [1/4] of the DRX cycle [R1-1909799].Besides, the multiple PDCCH WUS search space sets can be configured in up to 3 CORESETs, it is possible that the gap between monitoring occasions corresponding to different search space sets can be several slots. If Network configure multiple search space sets for PDCCH WUS which may span up to [1/4] DRX cycles, it is reasonable for PDCCH WUS indication of different SS to be inconsistent. From Network’s perspective, inconsistent indication in multiple PDCCH WUS monitoring occasions can be more flexible, especially when burst traffic arrives during the WUS monitoring window, as shown in Figure 1. However, it may be not preferred from UE power consumption perspective, since UE need to monitor in all the monitoring occasions before DRX ON. On the other hand, if wake-up indication in multiple PDCCH WUS monitoring occasions is consistent, UE behavior can naturally follow the first detected PDCCH WUS and no longer need to monitor the subsequent monitoring occasions, as shown in Figure 2. 
[bookmark: OB1]Observation 1: From network perspective, it is possible for different SS sets have different PDCCH WUS indications for flexibility, if traffic arrives during the PDCCH WUS monitoring window.
[bookmark: OB2]Observation 2: If consistent indication for PDCCH WUS can be guaranteed, UE can stop PDCCH WUS monitoring in the remaining monitoring occasions.
[bookmark: PP1]Proposal 1: Whether wake-up indications in multiple PDCCH WUS monitoring occasions are consistent should be further discussed, the following alternatives can be considered.
· Alt-1: UE does not expect inconsistent indication in multiple monitoring occasions. 
· Alt-2: The multiple PDCCH WUS monitoring occasion indications can be inconsistent, UE follows the indication in latest detected PDCCH WUS.
[bookmark: _Ref23770265]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 UE specific 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, the detection performance for power saving PDCCH is expected to be more reliable compared with other PDCCH, a shorter DCI size, which can be configured by RRC, would be preferred to achieve a low code rate to ensure high detection reliability for WUS. 
[bookmark: PP2]Proposal 2: The power saving DCI is only monitored outside active time. The size budget of power saving DCI is not restricted by the existing DCI size budget (3+1) in Rel-15 which is used in Active Time.
[bookmark: PP3]Proposal 3: The total DCI payload size of PDCCH WUS is configured by RRC signaling.
Whether WUS is monitored in USS
In previous meetings, following agreements have been made on search space configuration for power saving PDCCH.
	Agreements (RAN1 #98):
· The new DCI format for power saving signal/channel is configured to be monitored at least in CSS.  
· FFS for UESS


Group DCI can carry information for a group of UE which can save PDCCH overhead. And it is efficient to be included in one PDCCH which targets to accompany with some group-specific or cell-specific transmission, e.g., SSB, CSI-RS or a DRX boundary in which a group of UE has the same period and offset configuration. UE-specific DCI is also useful.  In order to minimize system overhead, UE detection of the presence/absence of the PDCCH should indicate whether UE wake-up or not for the next DRX cycle. UE-specific DCI can carry more information compared to group DCI.
Same DCI design framework for both Group DCI and UE-specific DCI can be considered, one possible solution is that all bits in a DCI can be allocated to a single UE in a group common PDCCH through network implementation. Considering the fact that the search space and PS-RNTI is UE specifically configured, and the DCI bits are not shared with other UEs, such PDCCH is almost equivalent to a UE specific PDCCH. 
[bookmark: OB3]Observation 3: UE specific power saving PDCCH can be supported in group common PDCCH diagram.
Nevertheless, for PDCCH monitored in UE-SS, the PDCCH DMRS sequence can be initialized by a unique UE-specific scrambling ID, and the CCEs for PDCCH monitoring are determined by C-RNTI. If PDCCH WUS is configured in USS, UE can first detect whether UE specific PDCCH WUS is transmitted through PDCCH DMRS sequence detection, and then detect the DCI if DMRS is detected, otherwise, the procedure afterwards, including channel estimation, equalization and polar decoding can be skipped. Thus, UE complexity for PDCCH WUS detection can be reduced.
[bookmark: PP4]Proposal 4: PDCCH scrambled with PS-RNTI can be configured in UE specific search space sets.
Furthermore, based on the discussion in previous meetings, only wake up indication field and dormancy state transition field are agreed to be included in power saving DCI, which means the number of DCI bits for a UE are limited if the number of scell groups are limited. If the number of bits UE need to monitor is limited, e.g. less than 6, UE can treat the PDCCH decoding as sequence detection, when UE is fully aware of the state of padding bits that UE does not need to monitor. As discussed in [2], the sequence detection can achieve higher detection performance with low detection complexity. 
To take advantage of sequence based PDCCH receiver, UE should be fully aware of the state of padding bits. For PDCCH monitored in CSS, i.e. group common PDCCH WUS, UE can be indicated whether the DCI is shared with other UEs by RRC signaling. If power saving DCI is not shared with other UEs, or PDCCH WUS is configured in USS, the state of the bits other than “wake up indication” and “Scell dormancy indication” can be set to “0” to facilitate sequence based PDCCH WUS detection.
[bookmark: PP5]Proposal 5: UE should be indicated whether the power saving DCI is shared with other UEs for group common PDCCH WUS. 
[bookmark: PP6]Proposal 6: For power saving DCI not shared with other UEs and monitored in CSS or in USS, the state of the bits other than “wake up indication” and “Scell dormancy indication” can be set to “0” to facilitate PDCCH WUS detection.
Blind decoding limitations for PDCCH WUS monitoring
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.
[bookmark: PP7]Proposal 7: Limited number of aggregation levels and PDCCH candidates can be indicated in the search space configuration for power saving PDCCH, like SFI PDCCH.
In Rel-15 [3], for the PDCCHs is CSS, UE is not required to process more than 1 DCI in formation for each RNTI, as follows.
	· Section 10.1 of TS 38.213
If a UE is provided 
-	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, or a CSS set by PDCCH-Config, and 
-	a SI-RNTI, a P-RNTI, a RA-RNTI, a SFI-RNTI, an INT-RNTI, a TPC-PUSCH-RNTI, a TPC-PUCCH-RNTI, or a TPC-SRS-RNTI
then, for a RNTI from any of these RNTIs, the UE does not expect to process information from more than one DCI format with CRC scrambled with the RNTI per slot.


Similarly, the above restriction can also be applied for PDCCH WUS. Multiple DCIs can be transmitted in a slot to guarantee the reliability of PDCCH WUS, once UE detects PDCCH WUS, UE can skip the PDCCH monitoring occasions in the remaining slot.
[bookmark: PP8]Proposal 8: UE does not expect to process information from more than one PDCCH with CRC scrambled with PS-RNTI per slot.
PDCCH WUS collided with other signals/channel
In last RAN1 meeting, the following agreements are made on UE default behavior when WUS is not configured for the BWP, and for the cases when PS-PDCCH monitoring collision with other procedures, the UE behavior need to be further discussed.
	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)


In rel-15, PDCCH monitoring may be dropped in the following scenarios.
· RRM occasions (scheduling availability defined in RAN4 spec) 
In [4], scheduling restriction are defined in the RRM occasions. When UE is configured with SMTC for RRM measurement, in the SSB symbols UE is not required to monitoring PDCCH in FR1 if UE is not able to process different SCS between SSB and PDCCH/PDSCH, and in FR2.
· WUS on flexible symbol and WUS monitoring is canceled by a DCI 2-0 indicated as UL/flexible
In Rel-15, if DCI format 2-0 is configured, and PDCCH monitoring is configured on semi-statically configured flexible symbols, UE is not required to monitored PDCCH if these symbols are indicated as uplink or flexible by SFI-index field in DCI format 2-0.
· WUS monitoring occasion overlap with RAR-PDCCH monitoring
In the RACH procedure, when UE monitors the PDCCH scrambled with RA-RNTI, UE may ignore the TCI state configured for the CORESET, assume the same QCL properties as the SSB or CSI-RS, UE select and initiate the PRACH procedure, as the RAR PDCCH DMRS. If the RAR PDCCH and WUS PDCCH have overlapping monitoring occasions, the WUS PDCCH may be not able to be monitored using the appropriate QCL properties, which may lead to performance degrade for PDCCH WUS detection.
· Interruption caused by RF retuning
As defined in [4] section 8.2, interruption on Pcell and PScells may happen in the following cases,
· Scell or UL carrier is added/released/activated/deactivated
· Transitions from non-DRX to DRX on serving cells
· Measurement on SCC with deactivated Scells
· BWP switching
In these cases, UE is not able to receive PDCCH during the interruption period.
· At least one RE in PDCCH candidate is indicated as not available by rate matching pattern
If at least one RE of a PDCCH candidate on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, the UE is not required to monitor the PDCCH candidate.
· PDCCH monitoring is dropped due to overlapping PDCCH with different TCI state
In FR2, PDCCH monitored in different CORESETs with different TCI state may overlap in time, in this case, UE only need to monitor PDCCH in one CORESET, which is determined based lowest cell index and search space set index. If PDCCH WUS is configured in a CORESET/search space set with low priority, according to above rule, UE is not able to monitor WUS.
As discussed in previous meetings, UE can be configured with multiple monitoring occasions. In this case, network may have the flexibility to transmit PDCCH WUS in multiple occasions, UE can monitor DCI format 3-0 in valid occasions. If all monitoring occasions for PDCCH WUS are invalid due to above reasons, UE does not have chance to decode PDCCH WUS, default behavior regarding whether UE need to wake up and start OnDurationTimer have to be defined. 
In these cases, default behavior can be “wake up”, similar to that PDCCH WUS is not configured for the active BWP. Alternatively, the same default behavior as that UE does not detect WUS, configured by RRC, can be applied in these cases.
[bookmark: PP9]Proposal 9: If the monitoring occasion at the PDCCH-based power saving signal/channel is not valid for the UE, down-select in the following alternatives.
· Alt-1: Wake up and start DRX OnDurationTimer
· Alt-2: Configured by the same RRC parameter configuring UE behavior if UE does not detect PDCCH WUS.
P/SP CSI report and SRS transmission if UE is not indicated ‘wake up’
In the LS from RAN2 [5], RAN2 ask RAN1 if there are any views if P/SP CSI and SRS is not transmitted when UE is not indicated “wake up”. Besides, in last meeting, the following agreements are made if UE does not detect power saving PDCCH.
	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 signaling to address this case
· The default is “not wake up”


According to above agreements, if CSI report or SRS transmission is desired at the gNB, the network can configure default UE behaviour to be “wake up”, hence UE would start DRX OnDurationTimer and perform CSI report and SRS transmission without gNB transmitting PDCCH WUS. Radio link quality maintenance can be achieved without additional overhead.
As discussed in our companion contribution [6], there are two cases UE will not wake up for the next DRX occurrence.
· Case 1: UE does not detect WUS and PS_WakeUpOrNot is configured as “not wake up”
· Case 2: UE detects WUS indicating UE “not wake up”
For the case when UE is configured by the RRC parameter “PS_WakeUpOrNot” to NOT wake up when WUS is not detected, the gNB can let the UE sleep without any WUS transmission, if there is no traffic demand. However, gNB may prefer to have some UE feedback on link measurements even during the non-active time to maintain radio link quality. The simplest way to achieve this is to send the WUS to wakeup UE occasionally even when there is no traffic so that gNB can have the knowledge of UE link quality with measurement reporting. Considering the WUS is transmitted in a group common PDCCH, even if there is no traffic for a UE, gNB would probably transmit the WUS anyway if any UEs share the same DCI may need to be wake up in the subsequent DRX onDuration, additional overhead for gNB to wake up UE for CSI reporting purpose is limited.
For the case that gNB explicitly indicates UE “not wake up”, which means no traffic arrives for UE for the upcoming DRX OnDuration, hence there is no need for UE to transmit SRS and CSI report. If CSI report and SRS is desired at network, gNB should indicate “wake up” in PDCCH WUS instead of “not wake up”. Since UE behavior is totally controlled by network, the radio link quality can also be guaranteed under gNB control. This is similar to MAC CE based go-to-sleep, which is already supported in Rel-15. When dxr-inactivity timer is started, gNB can indicate UE to go-to-sleep through MAC-CE if there is no traffic, UE will not transmit SRS and CSI report after MAC-CE received. Similarly, P/SP CSI reporting and SRS transmission is not needed if “not wake up” is indicated through PDCCH WUS.
Based on the above discussion, the network has multiple solutions to maintain the radio link quality, which can be totally under gNB control. Therefore, there is no concern for the current RAN2 understanding because anyway gNB can indicate UE to wake up to report P/SP SRS and CSI for maintaining radio link if necessary. 
[bookmark: PP10]Proposal 10: UE will not transmit P/SP CSI report and SRS if 
-  UE does not detect WUS and PS_WakeUpOrNot is configured as “not wake up”, or
-  UE detects WUS indicating UE “not wake up”
DCI format for PDCCH WUS
In RAN1 #98b, the following agreements are made on DCI content of power saving PDCCH.
	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 (RAN1 #98b):
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


In previous meetings, wake up indication and Scell group dormancy/non-dormancy transition has been agreed to be included in power saving DCI. UE can be indicated to wake up only on Pcell and to switch Scell to non-dormancy if the traffic load is heavy. When the traffic is limited in upcoming DRX, UE can be indicated to wake up while still keep the scell group in dormancy state. However, it is weird if the UE is indicated not to wake up and Scell groups are switched to non-Dormancy state, since UE will not perform PDCCH monitoring and CSI reporting since UE can not enter DRX active time. Therefore, this combination can be considered as error case.
[bookmark: PP11]Proposal 11: UE is not expected to be indicated by PDCCH WUS not to wake up while scell group is switched to non-dormancy state.
Besides, some companies proposed that the wake up indication is not needed in the DCI content. UE will wake up and start DRX OnDurationTimer if UE detect PDCCH scrambled with PS-RNTI. However, the WUS indication is multiplexed in a group common PDCCH, UE may be wake up if anyone of the UE share the same group common PDCCH need to be wake up, which will lead to UE wake up frequently and unnecessarily. In this case, the power saving gain brought by WUS will be limited. Therefore, the WUS indication field should be explicitly indicated in the group common DCI.
[bookmark: PP12]Proposal 12: Wake up indication field should be explicitly indicated in the group common DCI.
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 power saving PDCCH before DRX on duration, different UEs may be configured to monitor different number of bits in group common DCI, since each UE may be configured with different number of cell groups. When only limited number of bits are 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 after the DCI successfully decoded. Therefore, each UE may be configured to monitor a different subset of bits in the DCI with different bit location per function by RRC signaling, as shown in Figure 4, network can configure multiple UEs with same DCI bit locations for each function, in this case, the overhead for power saving PDCCH can be further saved.


Figure 4: RRC configured DCI format for power saving PDCCH
Besides, as discussed in section 2.2, the DCI size of PDCCH WUS does not need to align with other DCI formats, the total DCI size can be can be configured by RRC, in addition to the starting and length of the DCI field for a UE.
[bookmark: PP13]Proposal 13: The DCI field in PDCCH WUS is configured to UE per function by RRC signaling, i.e., position in DCI for wake-up indication and Scell dormancy should be separately indicated.
In Rel-16, PDCCH based WUS and dynamic cross/same slot scheduling switching are supported. When traffic arrives, it is beneficial to allow UE to exploit same-slot scheduling to have a quick data delivery. When all the data transmission is completed, gNB can indicate UE to apply cross-slot scheduling to save power. So it is proposed that upon UE detect PS-PDCCH indicating UE to wake up in the upcoming DRX OnDuration, UE automatically switch to same-slot scheduling in the upcoming DRX OnDuration. This mechanism can be switched on/off by network. This mechanism can be switched on/off by network.
[bookmark: PP14]Proposal 14: Upon detecting PDCCH WUS indicating UE to ‘wake up’ in the upcoming DRX OnDuration, UE automatically switch to same-slot scheduling in the upcoming DRX OnDuration. This mechanism can be switched on/off by network.
WUS reception after beam failure is detected
In Rel. 15, the beam failure recovery procedure is not limited to the active time in DRX. As described in TS 38.321, UE is allowed to transmit RACH anytime when beam failure is detected, and monitor C-RNTI in RA-response window. This behaviour is not limited in the active time only, as specified in TS 38.321. Another proof is that, in TS 38.133, UE is allowed to detect beam failure in length of 1.5 DRX cycle, which infers that UE should be able to detect beam failure and search for candidate beam in non-active time. 
With above in mind, after beam failure is detected and RACH that QCL-ed to RS of the candidate beam is transmitted, UE should be able to monitor WUS in the RecoverySearchspace. In this case, the channel condition can ensure more reliable WUS reception. Also note the agreement that TCI state updating mechanism of WUS should folllow Rel. 15 PDCCH. Since link recovery procedure is also a key component of TCI updating mechanism, it is straight forward that the WUS reception is able to obtain benefit from it. As specfied in TS 38.213, UE should monitor PDCCH in recovery searchspace until the TCI-state is updated by MAC CE. 


[bookmark: PP15]Proposal 15: Support WUS monitoring in RecoverySearchspace after UE transmit RACH for Beam failure recovery.
WUS indicates 1 or N DRX Cycle
In previous meetings, the issue whether the PDCCH WUS is associated with a single or multiple DRX on durations is still FFS, and RAN1 believe that consistency between RAN1 and RAN2 should be considered. Till now, the following agreements are made by RAN1 and RAN2 on this issue.
	Agreements (RAN1#97):
Outside Active Time, the PDCCH-based power saving signal/channel is configured for triggering UE to or not to monitor the subsequent ON duration(s) 
· FFS a single vs. multiple durations, particularlly checking consistency with RAN2 agreements

Agreements (RAN2#107bis)
1. The PDCCH-WUS triggers a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence of the drx-onDurationTimer.


According to RAN2 agreements, the PDCCH-WUS only control the UE behavior for the next occurrence of drx-onDurationTimer, which means one-to-one mapping between DRX on duration and PDCCH WUS. One PDCCH WUS associated with multiple DRX On durations is not supported, according to RAN2 agreements.
[bookmark: PP16]Proposal 16: Confirm the FFS part in the following agreement that PDCCH WUS is associated with the next occurrence of DRX On Durations, i.e. PDCCH WUS associated with multiple DRX On Durations is not supported.
	Agreements (RAN1#97):
Outside Active Time, the PDCCH-based power saving signal/channel is configured for triggering UE to or not to monitor the subsequent ON duration(s) 
· FFS a single vs. multiple durations, particularlly checking consistency with RAN2 agreements


 Related RRC parameters
Based on the discussion above, the related RRC parameters that could be introduced are summarized in following table.
	Parameter Name
	RAN1 spec/ section
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/
dedicated
	Description
	RAN2 spec
	Config restriction (if any)
	Relevant agreement/working assumption

	DCI-PayloadSize 
	38.212
	INTEGER (12..max-DCI-PayloadSize)

	New
	Per BWP
	dedicated
	Indication of DCI size for power saving PDCCH
	38.331
	
	

	PSpositionInDCI
	38.212
	SEQUENCE (SIZE (0.. max-DCI-PayloadSize)) 
	New
	Per BWP
	dedicated
	The position of the power saving DCI in the DCI payload
	38.331
	
	

	PScontentSharing
	38.212
	ENUMERATED {true}
	New
	Per BWP
	dedicated
	Indicting whether the group common DCI is shared with other UEs
	38.331
	
	



3. Conclusion
In this contribution, we discuss the remaining issues for power saving PDCCH design, and have the following proposals:
Observation 1: From network perspective, it is possible for different SS sets have different PDCCH WUS indications for flexibility, if traffic arrives during the PDCCH WUS monitoring window.
Observation 2: If consistent indication for PDCCH WUS can be guaranteed, UE can stop PDCCH WUS monitoring in the remaining monitoring occasions.
 Proposal 1: Whether wake-up indications in multiple PDCCH WUS monitoring occasions are consistent should be further discussed, the following alternatives can be considered.
· Alt-1: UE does not expect inconsistent indication in multiple monitoring occasions. 
· Alt-2: The multiple PDCCH WUS monitoring occasion indications can be inconsistent, UE follows the indication in latest detected PDCCH WUS.
Proposal 2: The power saving DCI is only monitored outside active time. The size budget of power saving DCI is not restricted by the existing DCI size budget (3+1) in Rel-15 which is used in Active Time.
Proposal 3: The total DCI payload size of PDCCH WUS is configured by RRC signaling.
Observation 3: UE specific power saving PDCCH can be supported in group common PDCCH diagram.
Proposal 4: PDCCH scrambled with PS-RNTI can be configured in UE specific search space sets.
Proposal 5: UE should be indicated whether the power saving DCI is shared with other UEs for group common PDCCH WUS. 
Proposal 6: For power saving DCI not shared with other UEs and monitored in CSS or in USS, the state of the bits other than “wake up indication” and “Scell dormancy indication” can be set to “0” to facilitate PDCCH WUS detection.
Proposal 7: Limited number of aggregation levels and PDCCH candidates can be indicated in the search space configuration for power saving PDCCH, like SFI PDCCH.
Proposal 8: UE does not expect to process information from more than one PDCCH with CRC scrambled with PS-RNTI per slot.
Proposal 9: If the monitoring occasion at the PDCCH-based power saving signal/channel is not valid for the UE, down-select in the following alternatives.
· Alt-1: Wake up and start DRX OnDurationTimer
· Alt-2: Configured by the same RRC parameter configuring UE behavior if UE does not detect PDCCH WUS.
Proposal 10: UE will not transmit P/SP CSI report and SRS if 
-  UE does not detect WUS and PS_WakeUpOrNot is configured as “not wake up”, or
-  UE detects WUS indicating UE “not wake up”
Proposal 11: UE is not expected to be indicated by PDCCH WUS not to wake up while scell group is switched to non-dormancy state.
Proposal 12: Wake up indication field should be explicitly indicated in the group common DCI.
Proposal 13: The DCI field in PDCCH WUS is configured to UE per function by RRC signaling, i.e., position in DCI for wake-up indication and Scell dormancy should be separately indicated.
Proposal 14: Upon detecting PDCCH WUS indicating UE to ‘wake up’ in the upcoming DRX OnDuration, UE automatically switch to same-slot scheduling in the upcoming DRX OnDuration. This mechanism can be switched on/off by network.
Proposal 15: Support WUS monitoring in RecoverySearchspace after UE transmit RACH for Beam failure recovery.
Proposal 16: Confirm the FFS part in the following agreement that PDCCH WUS is associated with the next occurrence of DRX On Durations, i.e. PDCCH WUS associated with multiple DRX On Durations is not supported.
	Agreements (RAN1#97):
Outside Active Time, the PDCCH-based power saving signal/channel is configured for triggering UE to or not to monitor the subsequent ON duration(s) 
· FFS a single vs. multiple durations, particularlly checking consistency with RAN2 agreements
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