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1. Introduction
At the RAN1#96bis meeting, the issues related to PDCCH-based power saving signal/channel were discussed and RAN1 made following agreements [1].
	Agreements:
· The PDCCH-based power saving signal/channel is UE-specifically configured.   
· The DCI format(s) contain information for (including potential down-selection, which may or may not depend on power saving techniques/scenarios):
· Alt 1: triggering a single UE only 
· Alt 2: triggering UE(s) within a group 
· FFS whether to always trigger all UEs in a group or a subset of it
· Alt 3: Alt 1 & Alt 2 

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

Agreements:
Possible candidates of DCI format design for the PDCCH-based power saving signal/channel (including potential down-selection, which may or may not depend on power saving techniques/scenarios):
· New DCI format(s) 
· The size of new DCI format may or may not be the same size as the existing DCI size
· Enhancement of existing DCI. E.g.,:
· Additional new field(s)
· Using the existing DCI format for the power saving purpose
· Re-purpose field(s) in the DCI
· The detection of existing DCI format as the indication for the power saving technique 

Agreements:
The DCI format(s) of the PDCCH-based power saving signal/channel is designed to provide: 
· Indication of one or more power saving associated operations.  
· Supporting configurability (e.g., 0, 1, 2, …bits, etc.), if needed, for one or more information fields in the DCI at least for one DCI format

Agreements:
Potential DCI contents in DCI format(s), to be further investigated:
· Power saving technique associated with C-DRX–
· Essential for UE function for the C-DRX
· Wakeup – 
· UE is indicated to transition from outside Active Time to Active Time
· UE is indicated to stay at Active Time
· Go to sleep– 
· UE is indicated to transition from Active Time to outside Active Time.
· UE is indicated to stay outside Active Time
· FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.
· Cross-slot scheduling
· Triggering RS transmission
· CSI report
· Single vs. multi-cell operation
· BWP /SCell
· BWP & SCell together 
· BWP and SCell have separated fields
· MIMO layer adaptation/number of Anenna adaptation 
· May further depend on RAN4’s work
· Indication of CORESET/search space/candidate of subsequent PDCCH decoding
· PDCCH monitoring periodicity
· PDCCH skipping (skipping duration)- 
· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time
Note that 
· For the bullets in italic, there are concerns that some of which may have dependence on the ongoing SI in RAN2. 
· For the last two bullets, there are additional concerns that these are deemded by some companies to be not in the scope of the power saving WI approved so far 

The following candidates may be discussed after RAN2’s SI is completed:
· Skipping number of DRX monitoring 
· SPS activation
· DRX configuration 

Agreements:
· The design of the DCI format(s) and size needs to account for one or more of the following aspects
· Within or outside Active Time
· DCI format size for the power saving signal/channel to fit the DCI format size budget
· Including aspects whether or not it is necessary to align it with existing DCI format size
· Other aspects are not precluded

Agreements:
· Support at least one CORESET with configured search space(s) for the power saving signal/channel  
· FFS separate vs. shared with a CORESET (and/or search space(s)) configured for other purposes (when applicable)

Agreements:
· For PDCCH-based power saving signal/channel, 
· The set of AL(s) is configured 
· The number of PDCCH candidate(s) for each AL is configured


In this contribution, PDCCH-based power saving signal/channel is discussed.

2. Discussion 
In the SI phase, RAN1 has discussed on the power saving techniques based on power saving signal/channel, especially the PDCCH-based power saving signal/channel, and the power saving gain was shown. For example, the assumed basic procedure based on wake-up signal(WUS) is following: the UE monitors WUS before the UE starts monitoring PDCCH within DRX on-duration, and if the UE detects the WUS, the UE monitors PDCCH within DRX on-duration. Otherwise, the UE can skip PDCCH within DRX on-duration. Power consumption by attempt of WUS detection is assumed to be less than that by attempt of PDCCH detection within DRX on-duration, since the UE can optimize the activation of hardware, PDCCH processing time and so on based on time between WUS and DRX on-duration.
RAN2 also discussed PDCCH-based power saving signal/channel and agreed that if WUS is configured, UE monitors WUS occasion which is determined based on an offset from the start of C-DRX on duration. Since this is the operation in connected mode, UE can obtain UE specific information. Thus, the offset for WUS occasion from the start of C-DRX on duration should be configurable.

Proposal 1: UE monitors WUS occasion which is determined based on the configured offset from the start of C-DRX on duration.

The power saving signal/channel would be used for multiple purposes other than WUS. In order to maximize the benefit, the power saving signal/channel resource(s) needs to be configured flexibly. The Rel-15 PDCCH configuration, i.e., search space/CORESET configuration, seems almost sufficient in terms of the flexibility. Thus, the Rel-15 PDCCH configuration should be starting point as the power saving signal/channel configuration. It would be also better considering co-existing between the power saving signal/channel and the other PDCCH/other channel.  Additional power saving signal/channel specific information is further studied.

Proposal 2: The Rel-15 PDCCH configuration should be starting point as the power saving signal/channel configuration. 
· FFS: additional power saving signal/channel specific information

Although the power saving can be realized by the power saving signal/channel, some drawbacks can be considered. For instance, resource overhead by the power saving signal/channel cannot be avoided. On the other hand, performance degradation should be avoided as much as possible. Thus, assuming the case of WUS, miss detection rate of the WUS should be lower than that of PDCCH within DRX on-duration. If gNB transmits the WUS and the UE miss it, the latency is increased and some resource, i.e., PDCCH/PDSCH, is wasted. Since the WUS is PDCCH-based and the basic design, e.g., waveform, coding, is same as PDCCH, one possible difference would be DCI design. Since the number of information bits in the DCI would impact on miss detection performance, DCI design for WUS should be considered so that miss detection rate of the WUS can be lower than that of normal PDCCH. 

Proposal 3: DCI design at least for WUS, if supported, should be considered so that miss detection rate of the WUS can be lower than that of normal PDCCH.

Especially for FR2, beamforming perspective needs to be considered. Considering analogue beamforming for FR2, multiplexing the power saving signal/channels would be restricted. The power saving signal/channel design needs to be considered, if necessary, taking into account the restriction by analogue beam forming. This issue is related to group based power saving signal/channel and the assumed number of UEs in a group and the assumed number of groups may need to be considered. 

Proposal 4: The restriction by analogue beamforming should be taken into account for power saving signal/channel design, if necessary.
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3. Conclusion
In this contribution, PDCCH-based power saving signal/channel was discussed. Based on the discussion, the following proposals were made:

Proposal 1: UE monitors WUS occasion which is determined based on the configured offset from the start of C-DRX on duration.
Proposal 2: The Rel-15 PDCCH configuration should be starting point as the power saving signal/channel configuration. 
· FFS: additional power saving signal/channel specific information
Proposal 3: DCI design at least for WUS, if supported, should be considered so that miss detection rate of the WUS can be lower than that of normal PDCCH.
Proposal 4: The restriction by analogue beamforming should be taken into account for power saving signal/channel design, if necessary.
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