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1. Introduction
[bookmark: _GoBack]The agreements made in the previous RAN1 meeting (RAN1#96bis) are listed and categories into appropriate headers below, and keywords (from the author’s point of view) are in bold type.
	[Configuration]
· The PDCCH-based power saving signal/channel is UE-specifically configured.
· 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
[Grouping]
· 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 
[Separate vs. shared vs. unified design of power saving signal/channel]
· 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)
[DCI format/size]
· 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
· 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 
· 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
[Power saving technique/function(s)]
· 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
· 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 


In this contribution, we discuss considerations on PDCCH-based power saving signal/channel. It is noted that PDCCH-based power saving signal/channel is called by “PS-PDCCH” in this contribution. 
2. Discussion 
2.1. Search Space Sets for PDCCH Monitoring
During the study item phase, RAN1 observed that significant amount of power consumption reduction in a relative sense can be achieved by using PDCCH monitoring on/off method under certain simplified conditions. Note that the evaluation environment for the assessment was pretty artificial because it didn’t reflect proper configurations, e.g., search space set, CORESET, and so forth, considering reality or characteristic of NR systems. For instance, two major attributes of NR systems that differentiate itself from LTE-advanced ones are “Dynamic TDD” and “Hybrid beamforming based Transceiver”, which may inevitably create uncertainties a lot as to whether all or parts of flexible-slots, which has not been declared as either DL or UL by higher-layer, will turn into DL and as to which spatial filter will be applied to transmit antenna ports beforehand. In order to cope with the aforementioned aspects, NR-UEs are more likely to be configured to monitor PDCCH candidates in multiple search space sets associated with different CORESETs with different TCI-states, periodicities, durations, slot offsets, OFDM symbol locations within a slot, and so on regardless of types or use cases of NR-UE. In this case, one of consequences is that UE has to attempt to blindly decode number of PDCCH candidates in all of configured search space sets, many of which will end up with nothing if those slots are not DL or DL transmitted with a spatial filter toward another direction by network’s decision. 

Observation 1: UE in RRC Connected mode can be configured to monitor PDCCH candidates in multiple search space sets associated with different CORESETs with different parameters, e.g., TCI-states, periodicities, durations, slot offsets, OFDM symbol locations within a slot, which results in significant power consumption due to frequent PDCCH detection attempts over time.

Following the observation above, it is desirable to support functionality of selective search space set(s) on/off among the search space sets configured to a UE by power saving signal/channel to achieve the power saving gain by PDCCH monitoring adaptation observed during the study item phase. In addition, generally, a UE doesn’t need to monitor all configured search space sets (e.g., to monitor SI-, RA-, P-RNTI and non-fallback DCI on each search space set) from the perspective of power saving. So, it is desirable that a gNB can select search space set(s) to be monitored for each UE, and if another search space set needs to be monitored, the gNB indicates dynamically the search space set to UE for monitoring by PS-PDCCH.
Proposal 1: RAN1 supports functionality of selective search space set(s) on/off among the search space sets configured to a UE by power saving signal/channel.

2.2. Search Space Set Level Wake Up 
According to the agreement RAN1 managed to reach in the previous meeting, Rel-16 NR is probably going to specify a mechanism of at least Wake-up functionality for UE in C-DRX mode because notable power saving benefits were observed through power consumption evaluations. It seems, however, UE power consumption model used for performance assessment may not be practical enough since it doesn’t reflect the situation where UE is configured with multiple search space sets (with different periodicities and symbol offsets). As it is stated by Observation 1, UE may have to blindly detect PDCCH candidates over several slots where search space sets are configured even if actually transmitted PDCCHs are present in a few slots which gNB will be able to predict based on its scheduling strategy when it wakes up the UE. Therefore, it is undesirable to wake up all the search space sets configured to a UE in many cases in the UE power saving perspective.

Proposal 2: RAN1 supports an indication method that tells UE to monitor PDCCH candidates in which search space set(s) when gNB wakes up the UE.
· UE can be indicated to start monitoring PDCCH candidates in all of configured search space sets
· UE can be indicated to start monitoring PDCCH candidates in certain search space sets, and details are FFS, e.g., signaling, granularity, per CORESET, per RNTIs, and so on
· When UE is not indicated to start monitoring PDCCH candidates in any configured search spaces set, the UE may stay outside Active Time
· FFS on if UE keeps monitoring power saving signal/channel in Active Time

2.3. PS-PDCCH Monitoring Occasion for Wake-up
Regarding the wake up PS-PDCCH for C-DRX operation, a monitoring configuration (e.g., monitoring occasion) should be defined. Monitoring occasions of wake-up PS-PDCCH can be selected among followings;
Option 1) Using offset from on-duration starting position
For DRX operation, a UE can monitor PS-PDCCH for detecting wake-up message on monitoring occasions decided by offset from on-duration starting position. If the UE detects PS-PDCCH which indicates wake-up, the UE can monitor some or all of configured search space sets. On the other hand, it was observed in study item phase that a single monitoring occasion for wake-up detection can increase latency and UPT loss. This problem can be solved by multiple monitoring occasions for PS-PDCCH. 
Option 2) Following search space set configuration for PS-PDCCH monitoring 
The wake-up can be included as one of the multiple functionalities supported by PS-PDCCH, and monitoring occasions of wake-up message can be decided by a search space set configuration for the PS-PDCCH. For each DRX cycle, a UE can start the search space set monitoring on nearest monitoring occasion from starting position of the given on-duration. As mentioned above, a gNB can activate or deactivate each configured search space set on each monitoring occasion of the PS-PDCCH. 

Proposal 3: Monitoring occasion of PS-PDCCH for wake-up follows monitoring configuration of associated PS-PDCCH search space set. 

2.4. PS-PDCCH for Supporting Multiple Functionalities
The PS-PDCCH can also be used to indicate other power saving schemes such as dynamic indication of minimum K0 for cross-slot scheduling, and the number of Rx antennas (or layers) for antenna adaptation. For example, as explained in our companion paper [1], minimum K0 can be explicitly signalled by PS-PDCCH for indicating available rows in a configured TDRA table. In addition, other power saving schemes (such as DRX operation, antenna adaptation and BWP/SCell) which may be discussed later can be indicated by PS-PDCCH.
From the perspective of complexity, it is inadequate that multiple power saving schemes have own CORESET/search space set for indicating activation/deactivation and corresponding parameters. So, we propose unified DCI/CORESET/search space set can be used for supporting multiple power saving schemes. For example, a PS-PDCCH has single DCI size and a field for indicating power saving scheme can be introduced. Other field configuration in the PS-PDCCH can be determined depending on associated power saving scheme. For example, search space on/off field and monitoring periodicity field can be used for search space set adaptation, and minimum K0 field and associated search space set field can be used for cross-carrier scheduling.
As mentioned above, different power saving schemes can be used for each UE depending on the UE’s channel condition and traffic. It means that each UE can have own PS-PDCCH format, for example, a PS-PDCCH for UE1 consists of bit field 1 for activation/deactivation of each configured search space set and bit filed 2 for indicating minimum K0, while a PS-PDCCH for UE2 has only one bit filed for activation/deactivation of each configured search space set. For this flexible indication of power saving schemes, gNB can indicate multiple functionalities which are included in a PS-PDCCH to each UE using following options;
Option 1) By RRC signalling
A gNB can indicate supported power saving functionalities for a UE by using RRC signalling. In this option, power saving schemes can be indicated semi-statically, while signalling overhead can be minimized and unused information bits can be set by a known bit for increasing decoding performance. 
Option 2) By PS-PDCCH 
Each PS-PDCCH includes an indication field informing multiple power saving functionalities included in the PS-PDCCH. In this option, a UE can know which functionalities are supported when the UE decodes the PS-PDCCH successfully, while supported functionalities can be changed dynamically.
In our view, the dynamic change of supported power saving schemes in every monitoring occasions does not seem to be necessary. So, option 1 is preferred. 
Proposal 4: Multiple power saving functionalities included in a PS-PDCCH can be indicated by UE-specific RRC signalling.

3. Conclusion
In this contribution, we discuss PDCCH-based power saving signal/channel.
Observation 1: UE in RRC Connected mode can be configured to monitor PDCCH candidates in multiple search space sets associated with different CORESETs with different parameters, e.g., TCI-states, periodicities, durations, slot offsets, OFDM symbol locations within a slot, which results in significant power consumption due to frequent PDCCH detection attempts over time.
Proposal 1: RAN1 supports functionality of selective search space set(s) on/off among the search space sets configured to a UE by power saving signal/channel.
Proposal 2: RAN1 supports an indication method that tells UE to monitor PDCCH candidates in which search space set(s) when gNB wakes up the UE.
· UE can be indicated to start monitoring PDCCH candidates in all of configured search space sets
· UE can be indicated to start monitoring PDCCH candidates in certain search space sets, and details are FFS, e.g., signaling, granularity, per CORESET, per RNTIs, and so on
· When UE is not indicated to start monitoring PDCCH candidates in any configured search spaces set, the UE may stay outside Active Time
· FFS on if UE keeps monitoring power saving signal/channel in Active Time
Proposal 3: Monitoring occasion of PS-PDCCH for wake-up follows monitoring configuration of associated PS-PDCCH search space set. 
Proposal 4: Multiple power saving functionalities included in a PS-PDCCH can be indicated by UE-specific RRC signalling.
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