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Introduction
In RAN1 #98b, several agreements were made regarding the design of the PDCCH-based power saving signal [1]. These agreements are provided in the Appendix. According to these agreements, the CORESET and the BWP on which the power saving signal is carried can be shared with the PDCCH. The offset between the power saving signal and the DRX ON duration shall be configured with a new higher layer parameter and the monitoring occasions shall be configured using the Rel-15 search space concept.
In addition, if a power saving signal cannot be detected, whether the UE shall “wake-up” or “not wake-up” for the following ON duration can be configured. A new DCI format shall be introduced for the indication of the power saving information. 
In this contribution, we discuss several remaining design aspects of the PDCCH-based power saving signal/channel.
Discussion
UE behaviour for detecting the wake-up signal
The power saving signal is used to wake-up UEs to monitor PDCCH in the following ON duration. According to the agreements taken in RAN1 #98b, the wake-up signal may include a 1-bit field to indicate to the UE to “wake-up” or “not wake-up” in the subsequent ON duration. If the WUS cannot be detected, UE can be configured by higher layer signaling to “wake-up” or “not wake-up”.
Two of the reasons why the WUS cannot be detected are: (i) received signal power is not sufficiently high for successful decoding of the WUS, resulting in a misdetection (ii) WUS is not transmitted by the gNB. 
False alarm rate of PDCCH based power saving signal is expected to be very small due to the use of CRC. Misdetection, however, depends on the signal design and coverage of the UE. The misdetection of a wake-up-signal will result in loss of data, increased latency and waste of both PDSCH and PDCCH resources. If misdetection becomes repetitive, e.g. due to loss of coverage, its impact on the UE performance may be significant. Therefore, a mechanism to protect against misdetection is desirable. 
One potential mechanism to prevent WUS misdetection is for the UE to wake-up in the subsequent ON duration(s) regardless of whether WUS is transmitted or not. The decision to wake-up can be based on the link quality: If the RSRP of a reference signal (e.g. the DMRS or the RS configured in the associated TCI state) falls below a threshold, then the UE may wake-up for the following ON duration(s), e.g., until the signal level increases above the threshold.
Proposal 1: If a UE is configured to “not wake-up” when WUS is not detected, UE monitors PDCCH in an ON duration if RSRP of an associated RS is below a threshold.

Search space parameters
Regarding the WUS offset and search space design, the following agreement was made in RAN1 #98b:
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

To maximize the power saving gain, energy spent on the detection and decoding of the WUS should be minimized. This can be achieved by reducing the number WUS aggregation levels and blind decoding as much as possible.

Given that the target misdetection rate of the power saving signal is lower than of the PDCCH, it is natural to assume that the coverage level of the power saving signal should be at least at the same level as PDCCH. This observation can be used to reduce the possible set of aggregation levels the WUS can support. Specifically, for a UE-specific search space, the aggregation level of the WUS may be equal to or larger than the maximum aggregation level of the PDCCH. For group-common WUS, the aggregation level of the WUS may be the largest possible aggregation level so that all UEs in the group can be guaranteed to decode the WUS. 

Proposal 2: For UE specific search space, the aggregation level of the power saving signal is determined by the maximum aggregation level of the activated PDCCH search space.
Proposal 3: For group-common SS, the aggregation level of the power saving signal is set to the maximum aggregation level.

WUS and CSI feedback
Periodic feedback:
According to the RAN2 agreement [2], UE starts the ON duration timer if the WUS is detected (i.e., UE enters the Active Time); and if the WUS is not detected, the ON duration timer is not started. When the UE is not in Active Time [3], it shall
· not transmit periodic SRS and semi-persistent SRS defined
· not report CSI on PUCCH if csi-Mask is set up
· not report CSI on PUCCH and semi-persistent CSI on PUSCH if csi-Mask is not set up

In RAN2 #107bis, an LS was sent to RAN1 regarding the above implication, where the LS reads: “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 ” [4]. 
Our opinion is that is desirable to keep the current UE behaviour outlined above to minimize the spec and implementation impact. Requiring the UE to report periodic and semi-persistent CSI and transmit SRS even when WUS is not detected, could result in significant loss of power saving gain. In addition, the benefits of reporting CSI and transmitting SRS is not very clear when UE is not scheduled. Therefore, we propose:
Proposal 4: UE does not report periodic or semi-persistent CSI and does not transmit periodic or semi-persistent SRS if WUS is not detected.

Aperiodic feedback:
Several companies have proposed to support the WUS triggering aperiodic CSI-RS transmission and subsequent CSI feedback. Although using the WUS can reduce the feedback delay compared to triggering early in the ON duration with existing Rel-15 mechanisms, the benefits of such minimal reduction in CSI feedback delay is not very clear. In addition, increasing the payload of the WUS may result in reduced coverage.
We think that, if justified, the topic of how to provide CSI feedback with reduced delay can be revisited in Rel-17.
Proposal 5: Aperiodic CSI report triggered by WUS is not supported.

DCI design
Group-common DCI:
The overhead of the power saving signal can be significantly reduced if group-common signaling is supported to trigger multiple UEs with the same signal. In this case, to ensure that the target misdetection rate of the power saving signal is met by all UEs in the group, the AL and payload size should be appropriately selected. 
In group-common DCI, higher layer signaling can be used to configure the starting position and the location of the power saving information. A sample group-common DCI format for is shown in Figure 2‑1. A UE that is indicated to wake-up with the 1-bit indication can read the corresponding m-bit information for further processing. For a UE that is indicated not to wake-up, the corresponding m bits could be set to a predefined or random value.

[image: ]
[bookmark: _Ref23842804]Figure 2‑1 Sample group-common DCI format for WUS

It may not be always possible to form a group UEs to share the same WUS (e.g. in FR2, the group of UEs should be in the same); so, for future compatibility, it would be beneficial to support UE-specific DCI as well.
UE-specific DCI:
UE-specific power saving signal can also be used to wake-up a single UE. The size of the UE-specific DCI depends on the amount of information the wake-up signal needs to carry. For example, the WUS DCI can be used to dynamically transition the UE from ’dormancy-like’ to ’non-dormancy like’ behavior. For a WUS targeting a single UE, it should be possible to not configure the 1-bit wake-up indication.
[bookmark: _GoBack]Proposal 6: The bitwidths of the WUS DCI information fields can be zero.
Proposal 7: The starting position and the location of the indication in the new DCI format for a specific UE is based on higher layer configuration
Proposal 8: UE can be configured to monitor UE-specific WUS in UE-specific search space.
Proposal 9: UE is configured to monitor either group-common or UE-specific WUS.

Summary
In this contribution, we have discussed several design considerations for the PDCCH-based power saving signal. Our proposals are as follows:

Proposal 1: If a UE is configured to “not wake-up” if WUS is not detected, UE monitors PDCCH in an ON duration if RSRP of an associated RS is below a threshold.
Proposal 2: For UE specific SS, the aggregation level of the power saving signal is determined by the maximum aggregation level of the activated PDCCH search space.
Proposal 3: For group-common SS, the aggregation level of the power saving signal is set to the maximum aggregation level.
Proposal 4: UE does not report periodic or semi-persistent CSI and does not transmit periodic or semi-persistent SRS if WUS is not detected.
Proposal 5: Aperiodic CSI report triggered by WUS is not supported
Proposal 6: The bitwidths of the WUS DCI information fields can be zero.
Proposal 7: The starting position and the location of the indication in the new DCI format for a specific UE is based on higher layer configuration
Proposal 8: UE can be configured to monitor UE-specific WUS in UE-specific search space.
Proposal 9: UE is configured to monitor either group-common or UE-specific WUS.
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Appendix 
Previous Agreements
In RAN1 #98bis, the following agreements were made on PDCCH-based power saving signal:
Agreement:
The following working assumption is confirmed:
· More than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON
Agreement:
The following working assumption is confirmed:
· UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.   
Agreement:
Confirm the following working assumption:
· The CORESET for power saving signal/channel outside Active Time can be associated with (in addition to search space set for power saving signal/channel) other search space set(s).
Agreements:
UE follows legacy DRX operation to wake up and start the OnDurationTimer at the next DRX ON at least for the case when the active BWP is not configured with the PDCCH –based power saving signal/channel
· FFS other cases (e.g., the monitoring occasion at the PDCCH-based power saving signal/channel is not valid for the UE,  e.g., collision with other procedures)

Agreements:
· The PDCCH-based power saving signal/channel can be configured for long DRX for a UE
· (Working assumption) If there is also short DRX cycle configured for the UE, the PDCCH-based power saving signal/channel is not applicable for the short DRX cycle
Agreements:
[bookmark: _Hlk22055053]For a UE, the following information can be configured to be included in the new DCI for the WUS PDCCH scrambled by PS-RNTI 
· Indication to wake up or not to wake up 
· L1 based mechanism for transitioning from ’dormancy-like’ to ’non-dormancy like’ behaviour on activated Scells, as agreed in MR CA/DC
· FFS: Triggering -CSI-report
· FFS: whether or not the bitwidths of some or all of the above information fields can be zero

Agreement:
CORESET(s) for PDCCH-based power saving signal/channel outside Active Time is not distinguished from those CORESETs inside Active Time. 
Agreement:
In Active Time, a Rel-16 UE is not expected to monitor the new DCI format for the WUS PDCCH scrambled by PS-RNTI.
Agreements:
UE starts monitoring the PDCCH with CRC scrambled by PS-RNTI  at the configured PS_offset before the start of DRX ON until the end of the configured range of monitoring.   
· The “PS_offset” is a new higher layer parameter  
· (Working assumption) the range of monitoring is derived based on existing parameters, e.g., duration and monitoringSymbolsWithinSlot, in SearchSpace IE without any change 
· Note: the value of “range” is smaller than that of PS_offset, e.g., to ensure UE with sufficient time for preparing for PDCCH monitoring at the DRX ON
Search space is configured for the indication of monitoring DCI with CRC scrambled by PS-RNTI.
· Reuse the existing search space configuration with all or subset of parameters, e.g., the periodicity and the offset
· FFS: The restriction in the supported periodicity, the aggregation level and the number of blind decoding for the new DCI with CRC scrambled by PS-RNTI

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). 
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

Agreement:
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
Agreement:
· TCI state and update mechanism for the CORESET(s) used for DCI format 3_0 follow Rel-15 procedures 
Agreements:
If a DCI format 3_0 outside Active Time is not detected by a UE, “UE wakeup or not” is configured by the higher layer signalling to address this case
· The default is “not wake up”
Agreements:
If UE detects DCI format 3_0 in the monitoring occasion(s), UE follows the indication of wakeup or not from the corresponding field.   
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