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1 Introduction
In RAN1#98bis [1], the following were agreed:

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:
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”

This contribution discusses remaining issues for PDCCH-based power saving signal/channel.
2 Remaining issues for PDCCH-based power saving signal/channel
2.1 DCI format design
Regarding the DCI format 3_0 design, semi-static DCI format configuration similar to DCI format 2_X can be reused to reduce specification impact. A UE can be preconfigured to monitor a block of more than one predetermined fields in a DCI format 3_0. A first field of the block can be used to indicate whether or not the UE wakes up for next DRX ON duration(s) and the second field can be used to indicated whether dormancy or active state for SCell(s). Multiple blocks for more than one UEs can be multiplexed in a DCI format 3_0. The starting position and the location of the block of a specific UE can be informed to the UE by higher layer signaling in the UE-specific manner. The total size of DCI format 3_0 also can be provided to the UE to enable blind decoding. 
Proposal 1: For DCI format 3_0, the UE is provided at least following information by higher layer signaling:
· Existence of each fields (e.g., wake-up indicator, dormancy indicator) of a block
· Starting position and location of the block
· Total size of the DCI format 3_0

Except for PDCCH monitoring indication of serving cells, additional fields can be considered to trigger other UE adaptations, otherwise a PoSS is not needed as the functionality of the PDCCH based PoSS can be achieved by the gNB setting the DRX OnDuration to one slot. The other functionalities can be to indicate sleep duration, CSI-RS measurement/CSI report. To avoid waste of DCI signaling, the UE can interpret the remaining field(s) according to the result of the first field for wake up indication. When the first field indicates a UE to wake up, the second field can be used to trigger UE adaptations related to UE’s operation in active time, such as transition between dormancy state and active state for SCells; Otherwise, when the first field indicates a UE to skip PDCCH monitoring for next DRX ON duration(s), the second field can be used to trigger UE adaptations related to UE’s adaptation in inactive time. For example, to indicate the dynamic sleep duration in terms of number of DRX cycles where the UE can skip PDCCH monitoring. For another example, to indicate whether or not the UE can skip periodic/semi-persistent CSI-RS measurement or CSI report in the associated DRX ON duration(s).

Proposal 2: More than one field can be configured in the DCI format for power saving outside DRX active time, a UE interprets the remaining field(s) differently according to the result of first field for wake-up indication, such that
· dormancy indicator of SCells when the UE is indicated to wake up by the first field; otherwise
· whether or not to skip periodic/semi-persistent CSI reporting or sleep duration when the UE is indicated not to wake up by the first field.
2.2 Monitoring occasion determination
To reduce the signaling overhead, the DCI format 3_0 should be group-common, i.e., the DCI format 3_0 should include multiple control information for more than one UEs. In this regards, it is desirable that DCI format 3_0 is monitored in CSS (e.g., Type3-CSS). There is no motivation to use USS other than CSS, since the CSS can be configured in UE-specific manner with high flexibility in Rel-15 PDCCH configuration.
Proposal 3: The DCI format 3_0 is monitored in a CSS only.
Regarding search space configuration for DCI format 3_0, it was agreed to introduce a new higher layer parameter “PS_offset”. The PS_offset can determine the starting slot of the monitoring occasions for DCI format 3_0 as shown in Figure 1. The total monitoring occasions of DCI format 3_0 is determined by the combination of PS_offset and duration in SearchSpace IE as illustrated in Figure 1. From search space configuration perspective, the functionality of PS_offset is duplicated with slot offset information indicated by monitoringSlotPeriodicityAndOffset in SearchSpace IE. Since it is agreed that both PS_offset and monitoringSlotPeriodicityAndOffset can be used for search space configuration for DCI format 3_0, it should be further clarified that how to use them. If monitoringSlotPeriodicityAndOffset is used for search space configuration for DCI format 3_0, we can maximize the flexibility for the search space configuration. However, there needs more parameter values to align the monitoring occasions of DCI format 3_0 with DRX cycle. Some companies have concern to extend parameter values during RAN1#98bis meeting. To avoid to extend the parameter values, we can define an additional rule to determine the periodicity of monitoring occasions for DCI format 3_0. For example, the UE can assume the same periodicity of the search space for DC format 3_0 as the configured DRX cycle. In this case, monitoringSlotPeriodicityAndOffset may not be used, so that PS_offset needs to be configured to determine the starting slot of the monitoring occasions for DCI format 3_0. Consequently, PS_offset can be optionally configured to the UE only when the periodicity value supported by monitoringSlotPeriodicityAndOffset parameter cannot be aligned with the configured DRX cycle. monitoringSlotPeriodicityAndOffset can be used when the periodicity alignment is possible.
Proposal 4: PS_offset can be optionally configured. If PS_offset is configured, it is assumed that the periodicity for DCI format 3_0 monitoring is same as drx-LongCycle, otherwise, the monitoring occasions for DCI format 3_0 are determined by monitoringSlotPeriodicityAndOffset in SearchSpace IE.
Proposal 5: Confirm the following working assumption.
· (Working assumption) the range of monitoring is derived based on existing parameters, e.g., duration and  monitoringSymbolsWithinSlot, in SearchSpace IE without any change 



Figure 1. Search space configuration for DCI format 3_0
2.3 Invalid case handling
In some cases, the monitoring occasions of DCI format 3_0 can be invalid due to collision with other physical channels or other procedures. In this case, whether the UE wake up or not should be further clarified. In the previous meeting, we have agreed on the UE’s fallback operation when DCI format 3_0 is not detected. To minimize specification effort, we can apply this fallback operation to handle any invalid monitoring occasions of DCI format 3_0.
For one case, the monitoring occasions of DCI format 3_0 can be invalid due to extended active time of previous DRX cycle. When the Active Time of a DRX cycle overlaps with a next PoSS monitoring occasion as illustrated in Figure 2, a UE should not expect transmission of the PoSS since it is agreed that DCI format 3_0 can be monitored only within the Active Time. In this case, the UE can skip PoSS monitoring and assume no DCI format 3_0 to trigger UE adaptation associated with DRX operation is transmitted. For a group-common based PoSS, a gNB can transmit dummy bits in the fields associated with the UE that is not expected to monitor the PoSS.



Figure 2. Association with dynamic Active Time of DRX operation
For another case, the monitoring occasions of DCI format 3_0 can be invalid due to dynamic sleep duration indicated by last received DCI format 3_0. A number of DRX cycles indicated by PoSS can help maximizing power saving gain when the PoSS indicates the UE to go-to-sleep, i.e. GTS. For example, consider the case illustrated in Figure 3, when N=2 is informed to the UE, the UE skips the next two subsequent DRX cycles. In case 3(a), except for the two subsequent DRX ON durations, the UE also skips the monitoring occasion of a PoSS when the UE is already indicated to skip the associated DRX ON duration by the previously received PoSS. A gNB can transmit dummy bits in the fields associated with the UE that is not expected to monitor the PDCCH based PoSS. In case 3(b), the UE skips 2 DRX occasions #1, #2, while the UE monitors DRX occasion #3.


Figure 3. GTS indication: association with DRX occasions (a) one-to-one, (b) one-to-many
Proposal 6: If a monitoring occasion (MO) of DCI format 3_0 is not valid, the UE can follow the configured fallback behavior. No additional UE behavior is specified for any invalid cases due to collision with other physical channels or other procedures, including
· When the MO overlaps with extended active time of previous DRX cycle;
· When the MO overlaps with dynamic sleep duration indicated by previously received PoSS.
2.4 Short DRX handling
After long discussion, we have reached to agreement on DCI format 3_0 is applicable for long DRX cycle only and not for short DRX cycle. We propose to confirm the working assumption.
Proposal 7: Confirm the following working assumption.
· (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
2.5 UE activities override indication from DCI format 3_0
If the DCI format 3_0 indicates not to wake up, the UE does not start the drx-onDurationTimer. Then, the UE would not perform not only PDCCH monitoring but also other essential procedures (e.g., SRS reporting, CSI-RS reporting) for the corresponding DRX occasion. 
In NR REL-15, a UE is able to transmit a SR when the UE has data for transmission that arrives at the UE’s buffer during DRX inactive time. Therefore, a UE should able to transmit SR in configured ON duration regardless of a PoSS indication. After the UE transmits a (positive) SR, the UE can start monitoring PDCCH at least for DCI formats scheduling PUSCH in corresponding USS set(s); otherwise, the UE has to delay the data transmission till next DRX cycle(s) where, as the gNB does not know whether the UE has data to transmit, the gNB may again indicate to the UE to not monitor PDCCH.
Proposal 8: A UE is able to transmit SR and expect to receive PDCCH scheduling PUSCH after transmitting a positive SR regardless of the indication from DCI format 3_0.
  For transmission and reception without dynamic scheduling, a UE doesn’t expect to monitor CS-RNTI for activation/deactivation/retransmission of CG-PUSCH and SPS-PUSCH during DRX inactive time. However, NW is not aware of the UL traffic before transmitting PoSS outside DRX Active Time, therefore it’s better that PoSS does not apply to CG-PUSCH. After a CG-PUSCH transmission, a UE needs to monitor PDCCH for a DCI format scheduling a potential retransmission in configured DRX ON duration regardless of the indication from PoSS. Further, when a UE includes a BSR in a CG-PUSCH transmission indicating additional data to transmit, the UE can expect to receive PDCCH at least for DCI formats scheduling PUSCH transmission
Similar, a PoSS indication may also not apply to SPS-PDSCH, or at least not applicable to the SPS PDSCH that is activated. One benefit is that gNB can update TCI state for at least DCI format 3_0 through SPS PDSCH as needed. After a SPS PDSCH reception, a UE transmits HARQ-ACK information in response to the SPS PDSCH reception within the configured DRX ON duration. When a UE transmits a NACK, the UE can expect to monitor PDCCH for DCI formats scheduling a SPS PDSCH retransmission regardless of whether or not the UE is indicated to skip PDCCH monitoring within the DRX ON duration.
Proposal 9: The indication from DCI format 3_0 does not apply to CG-PUSCH and SPS-PDSCH.
Proposal 10: A UE can expect to receive PDCCH scheduling SPS-PDSCH retransmission after transmitting a NACK during a DRX cycle regardless of the indication from DCI format 3_0.
For PRACH transmission, a UE in the RRC_CONNECTED state can transmit a PRACH for various purposes including re-establishing synchronization with a serving gNB, obtaining a timing advance command from the gNB, indicating link recovery, or indicating new data arrival and then the PRACH transmission also provides the functionality of a positive SR transmission. Therefore, the PoSS indication should also not be applicable for PRACH transmission during DRX ON duration(s). After a PRACH transmission, a UE starts monitoring PDCCH in order to detect a DCI format scheduling a reception of a PDSCH that provides a random access response (RAR) from a serving gNB in response to the PRACH transmission from the UE. After receiving the PDSCH providing the RAR, the UE can switch back to skipping PDCCH monitoring or continue to monitor PDCCH and then the PRACH transmission overrides the previous indication for skipping PDCCH monitoring during the one or more DRX ON duration period(s).
For link recovery, after a UE transmits a PRACH, the UE is expected to monitor PDCCH for a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI for a search space set provided by recoverySearchSpaceId as described in 38.213. Therefore, the PRACH transmission overrides a previous indication to the UE to skip PDCCH monitoring at least for link recovery. 
Proposal 11: A UE can expect to receive PDCCH at least for recovery search space set in response to a PRACH transmission during a DRX cycle regardless of the indication from DCI format 3_0.
For periodic/semi-persistent CSI-RS measurement or periodic/semi-persistent CSI report, they are used for enabling link adaptation of scheduled unicast receptions by a UE and beam management. It is beneficial for the UE to not skip CSI-RS measurement or L1-RSRP report for beam management as such skipping can result to a link failure. A UE can determine whether or not the periodic/semi-persistent CSI-RS measurement or CSI report is used for beam management through the associated report quantity, for example, continue measure and report CRI-RSRP, ssb-index-RSRP.
Proposal 12: Support periodic/semi-persistent CSI-RS resources measurement and periodic/semi-persistent CSI report in configured DRX ON duration regardless of DCI format 3_0.
3 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: For DCI format 3_0, the UE is provided at least following information by higher layer signaling:
· Existence of each fields (e.g., wake-up indicator, dormancy indicator) of a block
· Starting position and location of the block
· Total size of the DCI format 3_0
Proposal 2: More than one field can be configured in the DCI format for power saving outside DRX active time, a UE interprets the remaining field(s) differently according to the result of first field for wake-up indication, such that
· dormancy indicator of SCells when the UE is indicated to wake up by the first field; otherwise
· whether or not to skip periodic/semi-persistent CSI reporting or sleep duration when the UE is indicated not to wake up by the first field.
Proposal 3: The DCI format 3_0 is monitored in a CSS only.
Proposal 4: PS_offset can be optionally configured. If PS_offset is configured, it is assumed that the periodicity for DCI format 3_0 monitoring is same as drx-LongCycle, otherwise, the monitoring occasions for DCI format 3_0 are determined by monitoringSlotPeriodicityAndOffset in SearchSpace IE.
Proposal 5: Confirm the following working assumption.
· (Working assumption) the range of monitoring is derived based on existing parameters, e.g., duration and  monitoringSymbolsWithinSlot, in SearchSpace IE without any change 

Proposal 6: If a monitoring occasion (MO) of DCI format 3_0 is not valid, the UE can follow the configured fallback behavior. No additional UE behavior is specified for any invalid cases due to collision with other physical channels or other procedures, including
· When the MO overlaps with extended active time of previous DRX cycle;
· When the MO overlaps with dynamic sleep duration indicated by previously received PoSS.
Proposal 7: Confirm the following working assumption.
· (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
Proposal 8: A UE is able to transmit SR and expect to receive PDCCH scheduling PUSCH after transmitting a positive SR regardless of the indication from DCI format 3_0.
Proposal 9: The indication from DCI format 3_0 does not apply to CG-PUSCH and SPS-PDSCH.
Proposal 10: A UE can expect to receive PDCCH scheduling SPS-PDSCH retransmission after transmitting a NACK during a DRX cycle regardless of the indication from DCI format 3_0.
Proposal 11: A UE can expect to receive PDCCH at least for recovery search space set in response to a PRACH transmission during a DRX cycle regardless of the indication from DCI format 3_0.
Proposal 12: Support periodic/semi-persistent CSI-RS resources measurement and periodic/semi-persistent CSI report in configured DRX ON duration regardless of DCI format 3_0.
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