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1	Introduction
UE Power Saving WID was approved in RAN#83 [1]. Further updates were made in RAN#84 [2]. The current objectives are as follows:
	The objective is to specify the UE power saving techniques with UE adaption in achieving UE power saving.  The power saving technique should address latency and performance in NR as well as network impact.  The objective of the UE power saving includes 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

3) Specify a mechanism for a UE to indicate its preference of transitioning out of RRC_CONNECTED state. [RAN2]

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.

5) Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts [RAN2, RAN4]
a) [bookmark: _Hlk10649837]Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers to be measured [RAN4, RAN2]
b) Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].
i) Evaluate and specify requirements (if needed) depending on RAN2 criteria [ RAN4]

NOTE: No new measurement quantities should be introduced 




In this contribution, we discuss about the configurations related for the new DCI format.
2	Discussion
[bookmark: _Hlk20753503]2.1	DCI format size budget and total number of CORESETs
The following agreement was made in RAN1#98 regarding the number of CORESETs in outside and inside active time as follows:
	[bookmark: _Hlk21009974]Agreements:
The maximum number of CORESETs for PDCCH-based power saving signal/channel outside Active Time is no larger than the max number that can be configured inside Active Time.



In RAN1#96bis it was agreed that the DCI-format size budget is not increased but left open whether the size budget can be separated inside and outside active time.
	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




When considering the outside active time it’s noted that UE needs to monitor additionally paging (P-RNTI) and system information (if triggered by Short Message or validity expiration) independent of outside and inside active times as C-DRX configuration applies only C-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and TPC-SRS-RNTI [3GPP TS 38.321, section 5.7]. Thus, there are CORESETs that are configured inside active time that are required to be monitored also outside active time. 
Currently the DCI format size budget per UE is determined in a general manner, i.e. there is no separation for the capability between CONNECTED or IDLE/INACTIVE, nor between outside active time and inside active time. The only separation is done via defining the RNTIs which UE is expected to monitor. Thus, as noted above, there are certain RNTIs (P-RNTI, SI-RNTI, RA-RNTI) that UE may need to monitor outside active time, and the corresponding DCI-formats are accounted in DCI-format size budget. In this light the FFS point from RAN1#96bis is not very evident. The intent of the FFS, in our understanding, was to consider whether the new DCI-format introduced for outside active time use would be counted in the total budget of DCI-format sizes UE has to support. From system flexibility perspective it is of course preferable that the new DCI format that is expected to be solely used outside of active time (probably based on RNTI monitoring rules in MAC spec) would not limit the budget for the DCI-formats that can be used, both inside and outside active time.
Proposal 1: The (new) DCI format scrambled by PS-RNTI is not accounted when determining the DCI format size budget. 
Correspondingly also CORESETs can be used both inside and outside active time. Hence it is not evident whether separating the budget for number of CORESET budget is very straight forward. Therefore, for the maximum number of CORESETs outside and inside active time, we consider that the principle where the maximum number of CORESETs is defined per BWP according to UE capability should be followed. From that perspective, the total number of configured CORESETs both outside and inside active time should be less than or equal to UE’s capability. 
Proposal 2: The total number of configured CORESETs both outside and inside active time is less than or equal to the number according to UE’s capability per BWP. 

2.2	Monitoring PDCCH scrambled by PS-RNTI and other procedures outside active time
RAN1#98bis made the following agreement:
	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 RAN2 meeting #107 following agreement was made (point 6):
Agreements:
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. 
2. The PDCCH-WUS is considered jointly with DRX i.e. it is only configured when DRX is configured.
3. The PDCCH-WUS is monitored at occasions located at a configured offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
4. On a PDCCH-WUS occasion that a UE is monitoring, if the UE is indicated to wake-up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer, the UE starts the drx-onDurationTimer at its next occasion. Otherwise it does not.
5. 	From RAN2 point of view the UE does not monitor WUS during active time.
6. If UE is in DRX Active Time during a PDCCH-WUS occasion, it starts the drx-onDurationTimer at its next occasion as in legacy.
7. The WUS is configured on the PCell with CA and SpCell with DC (i.e. PCell on MCG and PSCell on SCG) 
8. RLM and RRM measurements are not impacted by WUS design (i.e. the UE continues to measure the required reference signals as per RRM requirements)

There are certain procedures that UE may trigger outside active time and the PDCCH monitoring related to those procedures may overlap with monitoring of PDCCH scrambled by PS-RNTI in time. Those are for instance:
· Random access procedure for scheduling request due to lack of SR resources on active BWP
· Random access procedure due to beam failure recovery

So, it is possible that monitoring occasions for PDCCH scrambled by PS-RNTI would collide for example monitoring of PDCCH with RA-RNTI. If the UE is to be able to monitor both, PDCCH scrambled by PS-RNTI and PDCCH with RA-RNTI, it would be simplest from both UE and gNB point of view. This can be achieved at least if the same CORESET configuration would be used for both (from network point of view if CORESET could be shared by multiple UEs). Correspondingly, the PDCCH with CRC scrambled by PS-RNTI monitoring could collide with the RAR message reception (when scheduled by PDCCH with RA-RNTI) when UE is still outside active time. Thus, there should be some rules and UE behaviour for the cases e.g. when random access procedure overlaps in time with PDCCH scrambled by PS-RNTI monitoring. 
Observation 1: UE behaviour needs to be determined for the cases when UE triggered procedures like RA or BFR overlap in time with PDCCH scrambled by PS-RNTI monitoring. 
Proposal 3: Support one of the following options when UE initiates random access procedure outside active time:
· Monitor both RA-RNTI and PS-RNTI
· Prioritize RA-RNTI monitoring in case QCL assumptions are different for PS-RNTI monitoring
· Monitor only RA-RNTI

In certain options it would be possible that UE would not be able to monitor (and receive) PDCCH scrambled by PS-RNTI. Therefore, it would need to be determined whether UE should in those cases monitor PDCCH with C-RNTI the next onDuration without explicit indication via PDCCH scrambled by PS-RNTI. To avoid latency increase it would be preferable to determine that the UE would, in case of missed monitoring occasion(s) for PDCCH scrambled by PS-RNTI, would monitor PDCCH(s) on next onDuration.
Proposal 4: If the UE misses the monitoring occasion(s) of PDCCH scrambled by PS-RNTI, due to other procedures, UE shall monitor PDCCH(s) on next onDuration.
2.3	Monitoring occasions for PDCCH based power saving channel for triggering wake-up
Related to the monitoring occasions of PDCCH with CRC scrambled by PS-RNTI, the following agreement and conclusion was made in RAN1#98bis:
	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
· [bookmark: _Hlk24013696]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

Conclusion:
With the above agreement, it is understood that the search space(s) for WUS PDCCH reuses the existing SS IE (i.e., no new SS IE). 



The current working assumption assumes the range of monitoring is derived based on existing parameters duration and monitoringSymbolsWithinSlot in SearchSpace IE. It’s to be noted that these parameters are search space set specific and would determine monitoring characteristics for all DCI formats configured for that search space set. Now if e.g. the duration parameter would be configured so that it can implicitly give the monitoring window duration for PDCCH scrambled by PS-RNTI, it would complicate to sharing of the SS for monitoring of other DCI formats. As there can be max 10 SSs configured for the UE and e.g. in mTRP scenario with increased number of CORESETs (>3) dedicated SS for the DCI format 3_0 monitoring only may result in limited flexibility. Thus, it’s seen better to design the configuration so that a separate duration parameter, e.g. PS_duration, is introduced together with PS_offset to determine a window outside active time before the onDuration where the monitoring occasions given by the SS apply for the DCI format 3_0 monitoring. PS_duration could be a UE specific parameter that is applied to all SSs configured with DCI format 3_0.
Proposal 5: Introduce a separate PS_duration parameter to determine the range of monitoring in terms of number of consecutive slots of which starting point is given by PS_offset. PS_duration and PS_offset are applicable only outside active time and define a window before the onDuration where the monitoring occasions defined by SS specific parameters for DCI format 3_0.
Regarding value ranges, we consider for PS_offset to have configurable values in slots up to number of slots corresponding to 10 ms to correspond to the longest periodicity of the DL-UL pattern (dl-UL-TransmissionPeriodicity). On the otherhand PS_duration could have configurable values in range of 1-4 slots for 15kHz and 30kHz. For 60kHz and 120kHz, range could be 2-8 slots. Also, there needs to be a condition that PS_offset is at least PS_duration + number of slots required for processing time for the wake-up indication (preferably 1 slot). 
Proposal 6: Value range for PS_offset is between 2 slots and the number of slots corresponding to 10 ms. . 

Proposal 7: Configurable range for PS_duration is 1-4 slots for 15kHz and 30kHz, and 2-8 slots for 60khz and 120kHz
Regarding the FFS point: 
· 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. 

Like discussed above, it would be preferable to be able to share the SS configuration with other DCI formats, thus there should not be any restrictions applied for monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot for DCI format 3_0.  
Proposal 8: No restrictions for configuring SS specific parameter monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot for DCI format 3_0.
For CSS configured in SIB1 (i.e. SI-RNTI etc), 38.213 explicitly determines the number of monitored candidates per aggregation level. For other DCI formats the number of candidates can be configured per aggregation level by RRC. Now in case DCI format 3_0 is sharing the CORESET with other SS in CSS, including multiple DCI format 3_0’s, it should be possible to be able to schedule both at a same time thus at least few candidates per aggregation level is needed. For UESS it would be possible to consider different, lower number of candidates and also possibly different aggregation levels. Therefore it would make sense to allow separate aggregation level configuration for the DCI format 3_0 to be able to select the number of aggregation levels for DCI format 3_0 monitoring while not affecting on SS level aggregation level configuration for other DCI formats.
Proposal 9: Number of candidates per aggregation level can be separately configured for each aggregation level for DCI format 3_0 as follows:
AL2: {n0, n1, n2, n3, n4},
AL4: {n0, n1, n2, n3, n4},
AL8: {n0, n1, n2},
AL16: {n0, n1, n2} 

2.4	On configuration of PDCCH with CRC scrambled by PS-RNTI and short DRX
[bookmark: _GoBack]The following was agreed in RAN2#107bis meeting [4]:

Agreements
=>	From RAN2 perspective, it is desirable to support WUS for both short and long DRX and it can be configurable by the network.  However, RAN2 will follow the final RAN1 decision.
=>	Ask RAN1 if there are technical feasibility concerns to support WUS for short DRX
=>	Ask RAN1, what is the assumption regarding whether the UE considers also PDCCH-WUS during WUS occasion(s) to determine when/whether to report P/SP SRS and CSI (i.e. CSI/SRS are performed only during active time).  

[bookmark: _Hlk23861684]Based on the agreement RAN2 sent a LS [5] to RAN1. RAN2 informed that from their perspective supporting monitoring DCI format 3_0 for both short and long DRX and it should be configurable by the network. In addition, RAN2 asked from RAN1 if there are technical feasibility concerns to provide support also for short DRX.
The following was agreed in RAN1#98bis meeting [6]:
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

[bookmark: _Hlk23946389]Short DRX cycle length is configurable and value range is from 2ms up to 640ms according to [7]. It would not be logical to configure DCI format 3_0 for shortest short DRX cycle values, however, this can be left up to network implementation as RAN2 has agreed that it should be configurable by the network. There is no specific RAN1 impact if monitoring DCI format 3_0 is applicable also for short DRX cycle since the DCI format 3_0 monitoring occasion(s) are determined in relation to onDuration (i.e. PS_duration and PS_offset). Therefore, we propose the following:
Proposal 10: No technical feasibility concerns are seen from RAN1 point of for supporting DCI format 3_0 monitoring also for the short DRX cycle.
Proposal 11: RAN1 informs RAN2 that there are no technical feasibility concerns to support configuring monitoring of DCI format 3_0 for short DRX cycle.

2.5	On the onDuration timer and periodic transmissions in DRX 
The following LS [10] was sent by RAN2 regarding CSI and SRS reporting. LS is copied here for convenience:
[bookmark: OLE_LINK1]RAN2 have agreed in RAN2#107 meeting:
1. On a PDCCH-WUS occasion that a UE is monitoring, if the UE is indicated to wake-up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer, the UE starts the drx-onDurationTimer at its next occasion. Otherwise it does not.
1. If UE is in DRX Active Time during a PDCCH-WUS occasion, it starts the drx-onDurationTimer at its next occasion as in legacy.
1. RLM and RRM measurements are not impacted by WUS design (i.e. the UE continues to measure the required reference signals as per RRM requirements)
[bookmark: OLE_LINK2]
Based on the above RAN2 agreements, as a consequence, RAN2 understands the UE would not report P/SP SRS and CSI during the next on-duration if PDCCH-WUS does not wake the UE up. RAN2 did not explicitly discuss whether this is the desired behaviour or not regarding P/SP SRS and CSI reporting, and would like to check if RAN1 has any views/concern on this behaviour.
Based on the above agreement (in RAN2#107), the indication on DCI format 3_0 does not directly wake-up the UE to monitor PDCCH but does it through controlling the start of the drx-OnDurationTimer. When UE is not indicated to wake up, the timer is not started. As the timer affects also other things than PDCCH monitoring such as CSI reporting and SRS transmission when DRX is configured, it should be considered how the agreement reflects now to the uplink transmission. 
[bookmark: _Ref21001462]Observation 2: The drx-onDurationTimer affects CSI reporting and SRS transmission in DRX.
From the 38.321 5.7 Discontinuous Reception (DRX):
1> in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:
2> not transmit periodic SRS and semi-persistent SRS defined in TS 38.214 [7].
1> if CSI masking (csi-Mask) is setup by upper layers:
2> in current symbol n, if onDurationTimer would not be running considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:
3> not report CSI on PUCCH.
1> else:
2> in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:
3> not report CSI on PUCCH and semi-persistent CSI on PUSCH.


Considering the part of the 38.321 quoted above, in case the DCI format 3_0 does not indicate UE to start the drx-onDurationTimer (to not require UE to monitor PDCCH) it would mean that UE would not report any CSI on PUCCH and/or semi-persistent CSI on PUSCH. Additionally, it would cause UE not to transmit periodic and semi-persistent SRS. This would mean that network would not be able to do any beam management actions in C-DRX (when DCI format 3_0 does not indicate UE to wake up) since UE would not be doing beam reporting. Not having the beam reporting active with C-DRX could make the use of DCI format 3_0 for power saving in multibeam deployments challenging.
Observation 3: When the DCI format 3_0 does not indicate UE to wake up, it would not perform any periodic/semi-persistent reporting/UL transmissions as currently specified in 38.321.
Observation 4: Not having the beam reporting active with C-DRX could make the use of DCI format 3_0 challenging in multibeam deployments.
In case network wants to trigger UE to report CSI / transmit SRS when the DCI format 3_0 monitoring is configured, it would need to indicate UE to wake up (and start the drx-onDurationTimer). This would also mean that UE would be required to monitor PDCCH for the duration of the timer which affects negatively to the UE power consumption. I.e. when the DCI format 3_0 is configured the length of the drx-onDurationTimer would should not negatively affect the UE power consumption due to specific wake-up, it would come attractive to the network to extend the drx-onDurationTimer. This would allow better bundling of multiple UEs with overlapping onDurations. Thus, from periodic/semi-periodic CSI/SRS transmission point of view when DCI format 3_0 monitoring is configured but it did not indicate UE to wake-up, UE should perform the CSI-computation, at least for L1-RSRP, and perform the uplink transmissions (as in 38.321) as configured and assuming that the drx-onDurationTimer would be running. 
Observation 5: Network is not able to perform beam management if UE is not reporting CSI/SRS in DRX according to configuration.
Observation 6: Requiring network to wake up UE for periodical CSI-RS/SRS transmissions as configured, may affect negatively to UE power consumption since UE wakes up for the duration of the drx-onDurationTimer.

[bookmark: _Ref21001497]Proposal 12: From RAN1 perspective, UE performs CSI computation and reporting and SRS transmissions although the DCI format 3_0 does not indicate the UE to start drx-onDurationTimer (to monitor PDCCH).

2.6	On New DCI format
The following agreements were in RAN1#98:
	Agreements:
· The new DCI format for power saving signal/channel is configured to be monitored at least in CSS.  
· FFS for UESS
 
Agreements:
· The CRC of new DCI format for power saving signal/channel is scrambled by PS-RNTI outside active time

Agreements:
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:
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




New DCI format for outside active time is assumed to support triggering adaptation fields for up to a few UEs (e.g. 1-4) in order to keep total payload size in a level that provides enough good detection performance also in cell edge conditions. Thus, it’s expected that there can be multiple different groups of UEs with different PS-RNTIs configured for the new DCI format. In addition, from network and resource consumption point of view it would be greatly beneficial to share a CORESET among UEs monitoring PDCCH with scrambled by PS-RNTI and active UEs. TDMed CORESETs for active UEs and for UEs monitoring PDCCH with scrambled by PS-RNTI would increase the system overhead and also would easily require non-slot based monitoring which is not mandatory UE feature in case of long CORESET lengths in time (2 or 3 symbols). And it’s to be noted that use of FDM option for CORESETs between active UEs and UEs monitoring PDCCH with scrambled by PS-RNTI may not be possible with all system bandwidths. 
Furthermore, it makes sense to keep the number of monitoring slots low (e.g. 2) for PS-RNTI monitoring. Consequence from those aspects is that transmitting new DCI format only in CSS which does not utilize hashing operation would be increased blocking probability and thereby requiring larger CORESET size and larger number of monitoring occasions causing system overhead and reducing UE power saving. It’s also to be noted here that a new higher configuration was agreed to define UE behaviour is the UE does not detect configured DCI format 3_0 in outside active time. The reasoning for that was a blocking issue in CSS preventing transmission of DCI format 3_0. Thus, it is seen beneficial to allow gNB to configure DCI format 3_0 to be monitored also in UESS. In order to support DCI format 3_0 monitoring also in UESS, the PS-RNTI should be able to used in hashing function as input (similarly as C-RNTI). 
Proposal 13: Support the DCI format 3_0 monitoring configuration also in UESS. 
Proposal 14: Support PS-RNTI as input to hashing function of CCE indices when DCI format 3_0 is configured to be monitored in UESS.
In beam management between gNB and UE it’s important to have continuous beam tracking and reporting possibility in order to keep gNB and UE beams aligned, also in DRX. E.g. L1-RSRP reporting could be provided in active time after UE has been waken up using the wake up indication in DCI format 3_0. However, if network is forced to indicate the UE to monitor onDuration for CSI reporting, UE would be in active time consuming power and monitoring PDCCH even if there is no data for the UE – UE was waken up just to provide aperiodic CSI report. And longer the onDurationTimer the higher negative impact on power saving.
Observation 7: E.g. for L1-RSRP reporting for beam management it should be beneficial not to require UE to have onDurationTimer running. 
Thus, it would be beneficial if the DCI format 3_0 provided method for requesting CSI-report e.g. using configured periodic PUCCH resources occurring during drx-OnDurationTimer without starting the onDurationTimer. I.e. periodic PUCCH resource could be configured to overlap in time the UE’s onDurationTimer and one bit CSI report request would indicate UE to transmit CSI report (e.g. L1-RSRP reporting) using the resource. In 38.321, it is already determined that UE can report A-CSI on PUCCH outside active time, thus extending the same for reporting periodic CSI report on periodic PUCCH resource would not mandate the UE to be on active time. CSI report request may be applied to PCell and all non-dormant SCells having periodic CSI reporting configured. 
Proposal 15: Support a CSI report request in DCI format 3_0 to request CSI report on periodic PUCCH resource in onDuration without starting onDurationTimer.
In last meeting the size of the fields was discussed. For Scell dormant behaviour related signalling (under MR-DCCA) it was agreed that corresponding field can be 0. In case of wake-up indication, DCI format 3_0 should be able to be transmitted for the one UE as well as for the multiple UEs. Even in case of one UE only the minimum payload size is 12 (padding up to 12 bits if there are information bits less than 12). Thus, there is no point to configure zero bit for the UE e.g. for the indication to wake-up but rather always use one bit for the indication when UE is configured with DCI format 3_0. 
Proposal 16: Bitwidth for the wake-up indication is always 1 for the UE when UE is configured with DCI format 3_0. 
Then we come to the DCI format 3_0 and its content and configuration. Based on above discussion we that DCI format 3_0 shall have UE specific information fields explicitly configured, e.g. as follows:
· Indication to wake or not to wake up
· Starting bit position = X
· Length in bits L1 = 1
· Indication for transitioning from dormancy like to non-dormancy like behaviour on activated SCells
· Starting bit position = X+L1
· Length in bits L2 = e.g. 5 (0…5 as proposed in [9])
· CSI report request
· Starting bit position = X+L1+L2
· Length in bits L3 = 1

Proposal 17: DCI format 3_0 has the following information fields explicitly configured per UE:
· Indication to wake or not to wake up
· Starting bit position = X
· Length in bits L1 = 1
· Indication for transitioning from dormancy like to non-dormancy like behaviour on activated SCells
· Starting bit position = X+L1
· Length in bits L2 = e.g. 5 (0…5 as proposed in [9])
· CSI report request
· Starting bit position = X+L1+L2
· Length in bits L3 = 1

Accounting the above proposal, single UE would in max need 7 bits. Accounting the detection performance target of 10-3 it would be preferable to keep the maximum payload size small on DCI format 3_0, it would be feasible to group 4 (28bits) or 5 (35 bits) UEs to same DCI format.

2.7	On processing delay between detected PDCCH with CRC scrambled by PS-RNTI
UE processing times may be different for the different triggered adaptations i.e. for the wake up indication and transition indication from dormant to non-dormant behaviour on activated SCells. As the SCell dormancy is facilitated using the BWP framework the BWP switching like latencies may be expected. From UE power consumption point of view the monitoring occasions for DCI format 3_0 should be close to the start of the onDuration. Consequently, for the wake-up indication the processing time should be very short, e.g. one slot. 
Proposal 18: Processing time for the wake-up indication in DCI format 3_0 is one slot. 
From network perspective, it should be possible to group multiple UEs into the same monitoring occasions where some UEs may be configured only with wake-up indication while some other UEs with dormancy/non-dormancy indication and CSI report request indication. And, as discussed above, these monitoring occasions should be close the onDuration. Different UEs may have different processing time capabilities for SCell dormancy/non-dormancy transition which need to be taken into account. However, in order to be able to configure multiple UEs to the same monitoring occasions and close to the onDuration, the following principles should be applied:
· PCell monitoring is not impacted by the dormant/non-dormant transition indication for activated SCells, i.e. in PCell UE should be ready to monitor PDCCH in the beginning of the onDuration when waken up by PDCCH with CRC scrambled by PS-RNTI
· [bookmark: _Hlk24055823]Monitoring of PDCCH in activated SCells for which dormant/non-dormant transition was indicated may be delayed from the start of onDuration due to UE specific processing delay

Proposal 19: PCell monitoring is not impacted by the dormant/non-dormant transition indication for activated SCells, i.e. in PCell UE should be ready to monitor PDCCH in the beginning of the onDuration when waken up by DCI format 3_0.
Proposal 20: Monitoring of PDCCH in activated SCells for which dormant/non-dormant transition was indicated may be delayed from the start of onDuration due to UE specific processing delay.

2.8	Failure Detection for PDCCH scrambled by PS-RNTI

[bookmark: _Hlk16775446][bookmark: _Hlk16775659]One aspect raised in past meetings in context of monitoring of PDCCH scrambled by PS-RNTI outside the Active time, is the handling on beam failure. In a Rel-15 beam failure recovery a beam failure instance is indicated by L1 to L2 when all the BFD-RS in set of q0 are estimated to be in failure condition. Even if one BFD-RS is not in failure condition no instance is indicated to L2. As a result the beam failure detection procedure is not able not track specifically just one or specific set of the PDCCH links the efficient beam failure detection in case of PDCCH scrambled by PS-RNTI may require additional consideration.

In Rel-15, RLM and beam failure recovery, detection and eventually recovery is triggered when all the monitored links are estimated to be in failure condition. UE performs failure detection also in DRX and attempts to recover when all links fail (BFR), it would be able to recover using BFR but e.g. in case link corresponding to PDCCH scrambled by PS-RNTI is in failure condition the recovery procedure would not be triggered 

One of the potential configuration options for PDCCH scrambled by PS-RNTI is that it corresponds to at least one of the configured TCI State for PDCCH reception e.g. based on CORESET. Considering this from the current beam failure detection perspective, it may mean that the beam used for monitoring power saving signal can be the only beam in failure condition (while no other TCI states are) but no beam failure instance is indicated to L2, no beam failure can be detected, and no recovery initiated. Effectively this may mean that UE is not able to decode the transmission of PDCCH scrambled by PS-RNTI but has no means to quickly recover from this situation. Additionally, network is not necessarily aware of UE condition or it may take relatively long time for network to notice it. Even in this case network can only wait for UE to trigger failure recovery. Also, DRX, the beam failure detection is done less frequently (in more relaxed manner) i.e. the indication interval is scaled according to the DRX cycle length. Thus, even if all beams are in failure condition, the declaration of beam failure may take relatively long time.
One potential approach to solve this could be to enhance current beam failure detection procedure to allow UE to e.g. trigger beam failure recovery based only on the quality of the RS corresponding to the PDCCH reception scrambled by PS-RNTI. This would enable the UE to start recovery procedure according to Rel-15 mechanisms.
Furthermore, to proactively prevent such failure conditions, network could also configure UE with periodic beam reporting during the on-duration or every Nth on duration. Based on the UE reporting it would be able perform beam management actions, TCI state reconfiguration etc. However, when PDCCH scrambled by PS-RNTI is configured, network may not able to reconfigure/perform beam management for UE if it has not indicated UE to wake up. After UE has performed beam reporting (e.g. on PUCCH) UE is not monitoring PDCCH. In one approach, when power saving signal/channel is configured and UE is configured to report during the on-duration, it would be required to monitor the PDCCH on duration or at least a part of the on duration after it has sent the beam report.

Proposal 21: Define failure detection and recovery mechanism for PDCCH scrambled by PS-RNTI.

3	Conclusions
In this contribution we have discussed about PDCCH-based power saving channel design. 
The following observations and proposal were made: 
Proposal 1: The (new) DCI format scrambled by PS-RNTI is not accounted when determining the DCI format size budget. 
Proposal 2: The total number of configured CORESETs both outside and inside active time is less than or equal to the number according to UE’s capability per BWP. 
Observation 1: UE behaviour needs to be determined for the cases when UE triggered procedures like RA or BFR overlap in time with PDCCH scrambled by PS-RNTI monitoring. 
Proposal 3: Support one of the following options when UE initiates random access procedure outside active time:
· Monitor both RA-RNTI and PS-RNTI
· Prioritize RA-RNTI monitoring in case QCL assumptions are different for PS-RNTI monitoring
· Monitor only RA-RNTI

Proposal 4: If the UE misses the monitoring occasion(s) of PDCCH scrambled by PS-RNTI, due to other procedures, UE shall monitor PDCCH(s) on next onDuration.
Proposal 5: Introduce a separate PS_duration parameter to determine the range of monitoring in terms of number of consecutive slots of which starting point is given by PS_offset. PS_duration and PS_offset are applicable only outside active time and define a window before the onDuration where the monitoring occasions for the PDCCH with CRC scrambled by PS-RNTI are defined by SS specific parameters monitoringSlotPeriodicityAndOffset.
Proposal 6: Configurable value range for PS_offset is between 2 slots and the number of slots corresponding to 10 ms with the condition that PS_offset is at least PS_duration + number of slots for processing time for the wake-up indication (preferably 1 slot). 

Proposal 7: Configurable range for PS_duration is 1-4 slots for 15kHz and 30kHz, and 2-8 slots for 60khz and 120kHz. 
Proposal 8: No restrictions for configuring SS specific parameter monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot for DCI format 3_0.
Proposal 9: Number of candidates per aggregation level can be separately configured for each aggregation level for DCI format 3_0 as follows:
AL2: {n0, n1, n2, n3, n4},
AL4: {n0, n1, n2, n3, n4},
AL8: {n0, n1, n2},
AL16: {n0, n1, n2} 
Proposal 10: No technical feasibility concerns are seen from RAN1 point of for supporting DCI format 3_0 monitoring also for the short DRX cycle.
Proposal 11: RAN1 informs RAN2 that there are no technical feasibility concerns to support configuring monitoring of DCI format 3_0 for short DRX cycle.
Observation 2: The drx-onDurationTimer affects CSI reporting and SRS transmission in DRX.
Observation 3: When the DCI format 3_0 does not indicate UE to wake up, it would not perform any periodic/semi-persistent reporting/UL transmissions as currently specified in 38.321.
Observation 4: Not having the beam reporting active with C-DRX could make the use of DCI format 3_0 challenging in multibeam deployments.
Observation 5: Network is not able to perform beam management if UE is not reporting CSI/SRS in DRX according to configuration.
Observation 6: Requiring network to wake up UE for periodical CSI-RS/SRS transmissions as configured, may affect negatively to UE power consumption since UE wakes up for the duration of the drx-onDurationTimer.
Proposal 12: From RAN1 perspective, UE performs CSI computation and reporting and SRS transmissions although the DCI format 3_0 does not indicate the UE to start drx-onDurationTimer (to monitor PDCCH).
Proposal 13: Support the DCI format 3_0 monitoring configuration also in UESS. 
Proposal 14: Support PS-RNTI as input to hashing function of CCE indices when DCI format 3_0 is configured to be monitored in UESS.
Observation 7: E.g. for L1-RSRP reporting for beam management it should be beneficial not to require UE to have onDurationTimer running. 
Proposal 15: Support a CSI report request in DCI format 3_0 to request CSI report on periodic PUCCH resource in onDuration without starting onDurationTimer.
Proposal 16: Bitwidth for the wake-up indication is always 1 for the UE when UE is configured with DCI format 3_0. 
Proposal 17: DCI format 3_0 has the following information fields explicitly configured per UE:
· Indication to wake or not to wake up
· Starting bit position = X
· Length in bits L1 = 1
· Indication for transitioning from dormancy like to non-dormancy like behaviour on activated SCells
· Starting bit position = X+L1
· Length in bits L2 = e.g. 5 (0…5 as proposed in [9])
· CSI report request
· Starting bit position = X+L1+L2
· Length in bits L3 = 1

Proposal 18: Processing time for the wake-up indication in DCI format 3_0 is one slot. 
Proposal 19: PCell monitoring is not impacted by the dormant/non-dormant transition indication for activated SCells, i.e. in PCell UE should be ready to monitor PDCCH in the beginning of the onDuration when waken up by DCI format 3_0.
Proposal 20: Monitoring of PDCCH in activated SCells for which dormant/non-dormant transition was indicated may be delayed from the start of onDuration due to UE specific processing delay.
Proposal 21: Define failure detection and recovery mechanism for PDCCH scrambled by PS-RNTI.
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