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1. Introduction
In this contribution, we discuss remaining issues on PDCCH-based power saving signal/channel; default behaviour for invalid monitoring resources, fallback operation for dormancy indication, DCI format 3-0 configuration, and monitoring occasion for DCI format 3-0.
2. Discussion 
2.1. Default behaviour for invalid monitoring resources 
In a previous meeting, following agreement was made for the active BWP without PDCCH based power saving signal and channel;
	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)


Regarding the FFS point, there are some cases where PDCCH cannot be transmitted and received, for example, 1) when PDCCH candidates overlap with SSB or rate matching resource (e.g., LTE CRS), and 2) when resources for PDCCH monitoring are configured as UL by DCI format 2_0. In those cases, a network cannot transmit the DCI format 3-0.
For these cases, a default behaviour needs to be defined, and possible behaviours are as follows;
Option 1) Skip PDCCH monitoring on corresponding on-duration(s)
When the resource configured to monitor the DCI format 3-0 outside Active Time is not available, a UE skips not only the DCI format 3-0 monitoring but also PDCCH monitoring configured on corresponding on-duration(s). This option can increase power saving gain, while latency may also be increased.
Option 2) Perform PDCCH monitoring on corresponding on-duration(s)
In this option, a UE skips monitoring of the DCI format 3-0 and monitors PDCCH configured on corresponding on-duration(s), if all resources for monitoring of the DCI format 3-0 is not available. This option can minimize latency, but power saving gain may be decreased. However, the reduction in the power saving gain may not be so problematic because a network can control resource allocation to minimize collisions between other signal/channel and monitoring occasion of DCI format 3-0.
In our view, a same solution for the case when the active BWP is not configured with the DCI format 3-0 can also be applied to the case of invalid resources for PDCCH monitoring. So, option 2 is preferable. 
Proposal 1: A UE skips monitoring of the DCI format 3-0 and monitors PDCCH on corresponding on-duration(s), if all the monitoring occasions for the DCI format 3-0 for the on-duration(s) are invalid
· A monitoring occasion for the DCI format 3-0 is invalid at least in case when it collides with
· SSB transmission
· Rate matching resource
· UL symbols configured by DCI format 2-0
2.2. Dormancy indication in DCI format 3-0
In RAN1#98bis meeting, it was agreed that a dormancy indication for SCells can be configured to be included in the new DCI for the WUS PDCCH scrambled by PS-RNTI. In addition, fallback operation for the case of missing wake up indication was also agreed; 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. Considering those agreements, it is desirable that fallback operation for the case of missing “dormancy indication” is also defined. The fallback operation needs to be defined only for when “wakeup” is default operation for wakeup indication missing case, because we don’t need to define “dormancy behaviour” for “sleep” state. 
As a fallback operation of dormancy indication, followings can be considered;
Option 1) A UE assume latest dormancy behaviour configured on active BWP
It is straightforward to assume most recent dormancy behaviour for active BWP is maintained when UE wakes up without dormancy indication. In this case, if a network indicates new dormancy behaviour and a UE does not detect the DCI, there may be some latency to align “dormancy behaviour” between network and UE.
Option 2) Default behaviour can be configured by network for each SCell or SCell group
A network can inform default dormancy behaviour for the DCI missing case per SCell or SCell group. A UE, which does not detect DCI format 3-0 and wake up is configured as default procedure for DCI missing case, assumes default dormancy behaviour for each SCell or SCell group for the case of DCI format 3-0 missing.
In our view, option 1 is more preferable because it is simple and needs less spec impact.
Proposal 2: When a UE is configured to monitor DCI format 3-0 and also configured to monitor dormancy indication in the DCI format 3-0, the UE assumes latest dormancy behaviour is maintained during an on-duration for each Scell, if all of the following conditions are met;
· If “wake up” is configured as a default procedure when a UE does not detect a DCI format 3-0
· If a UE does not detect the DCI format 3-0 on configured monitoring resources corresponding to the on-duration

2.3. UE-/Group-specific DCI for outside Active Time 
According to previous agreement, DCI outside Active Time may carry power saving information for one or more UEs. In order to support both UE-specific and group-specific DCIs flexibly, we propose UE grouping for outside Active Time is defined in a UE-transparent way. For example, a network can indicate to each UE WUS configuration for outside Active Time with field information. The filed information may include starting position of UE-specific information within a DCI information bits. In addition, power saving scheme(s), and information bit size for the UE can be configured if necessary depending on the further discussion. A UE receiving the information can decode the DIC, and extract power saving information to the UE using field information configured UE-specifically. A selection between actual UE-specific operation and UE-group operation is up to a network’s choice. 
In addition, in order to improve decoding performance, a network can indicate known-bit information to each UE. If the number of bits for a UE-group or a UE is smaller than whole DCI size, remaining bits can be set to known bit (e.g., “0” or “1”). The information can be helpful to decode the DCI for target UE(s).
Proposal 3: A network indicates bit field information of new DCI for outside Active Time to each UE. The field information at least includes location of UE-specific information within a DCI.
Proposal 4: Known bit information is indicated to each UE.

2.4. Monitoring occasions of DCI format 3-0
Regarding the monitoring occasions of DCI format 3-0 outside Active Time, followings were agreed in last meeting;
	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


There are different interpretations for the agreement among companies, and it may be because the agreement is not clear. For aligning understanding for the agreement, the agreement needs to be clarified. For example, first sentence of the agreement can be clarified that “UE starts monitoring the PDCCH with CRC scrambled by PS-RNTI at the configured monitoring occasion(s) from the configured PS_offset before the start of DRX ON until the end of the configured range of monitoring.” It means that monitoring occasions are derived from the configured search space set, and PS_offset is just time reference for distinguishing validity of each monitoring occasion.
From our perspective, the agreement is interpreted as follows;
· Monitoring occasions of DCI format 3-0 are determined by corresponding search space set configuration with existing parameters regardless of PS_offset and range.
· A UE does not monitor DCI format 3-0 in Active Time. (This is from another agreement.)
· There is a kind of time domain mask to indicate validity of each monitoring occasion configured for DCI format 3-0. Monitoring occasions within the mask are valid for monitoring DCI format 3-0.
Figure 1 shows our interpretation for the agreement. In the figure, the “time gap” is preparation time which is needed to prepare Active Time operation, and it can be fixed or configurable via further discussion. The “time mask” for determining validity of monitoring occasion can be determined by “PS_offset” and “preparation time”. And a duration of the time mask can be interpreted as a “range” in the agreement.
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Figure 1. Determination of monitoring occasions for DCI format 3-0
Regarding the working assumption, because parameters (e.g., duration and monitoringSymbolsWithinSlot is useful to configure monitoring occasions) in a search space set configuration can be fully used to determine monitoring occasion, it is not desirable to use those existing parameters (related to monitoring occasion) in search space set configuration for defining “range”. In addition, the “range” is not needed to be defined per search space set. So, we propose that the “range” can be derived from “PS_offset” and “time gap (as shown in Figure 1)”, and time gap can be fixed (e.g., 1 slot) or configured by network. 
Proposal 5: The previous agreement should be clarified as “UE starts monitoring the PDCCH with CRC scrambled by PS-RNTI at the configured monitoring occasion(s) from the configured PS_offset before the start of DRX ON until the end of the configured range of monitoring”
Proposal 6: Time gap for preparing PDCCH monitoring at the DRX ON is fixed or configured by a network. 
Proposal 7: Monitoring occasions within a range defined by “PS_offset” and “Time gap” are regarded as valid resources for monitoring DCI format 3-0.

3. Conclusion
In this contribution, we discuss PDCCH-based power saving signal/channel, and our proposals are as follows;
Proposal 1: A UE skips monitoring of the DCI format 3-0 and monitors PDCCH on corresponding on-duration(s), if all the monitoring occasions for the DCI format 3-0 for the on-duration(s) are invalid
· A monitoring occasion for the DCI format 3-0 is invalid at least in case when it collides with
· SSB transmission
· Rate matching resource
· UL symbols configured by DCI format 2-0
Proposal 2: When a UE is configured to monitor DCI format 3-0 and also configured to monitor dormancy indication in the DCI format 3-0, the UE assumes latest dormancy behaviour is maintained during an on-duration for each Scell, if all of the following conditions are met;
· If “wake up” is configured as a default procedure when a UE does not detect a DCI format 3-0
· If a UE does not detect the DCI format 3-0 on configured monitoring resources corresponding to the on-duration
Proposal 3: A network indicates bit field information of new DCI for outside Active Time to each UE. The field information at least includes location of UE-specific information within a DCI.
Proposal 4: Known bit information is indicated to each UE.
Proposal 5: The previous agreement should be clarified as “UE starts monitoring the PDCCH with CRC scrambled by PS-RNTI at the configured monitoring occasion(s) from the configured PS_offset before the start of DRX ON until the end of the configured range of monitoring”
Proposal 6: Time gap for preparing PDCCH monitoring at the DRX ON is fixed or configured by a network.
Proposal 7: Monitoring occasions within a range defined by “PS_offset” and “Time gap” are regarded as valid resources for monitoring DCI format 3-0.
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