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Aspects in the Power Saving Signal/Channel Design

The principle of the power saving signal/channel had been discussed and agreed.   During the discussion, there are different views on the power saving signal/channel desing with respect to the DCI contents, the CORESET configuration, the power saving 
· Active Time associated with the DRX ON

· The relationship between the PDCCH and the power saving signal/channel 
· The power saving signal/channel is a new physical channel and reuses the PDCCH channel structure and the UE behaviour on the PDCCH monitoring
· The CORESET configured for the power saving signal/channel does not count as one of the CORESETs configured for the UE
· The search space is configured separately 
· Association with the PDCCH search space
· The power saving signal/channel is a PDCCH channel with the specific DCI design for the power saving techniques
· Search space shares with PDCCH

· The UE-specific/common CORESET/Search Space Configuration for the power saving signal/channel
· The CORESET/Search Space configured for the power saving signal/channel outside the Active Time
· DCI format size calculation 
· The CORESET/Search Space configuration and search for multi-beam operation in both FR1 and FR2
· UE specific DCI format
· Group common DCI format
· Analysis of the CORESET/Search Space configuration and DCI design for potential power saving techniques with the consideration of following aspects 
· Within and outside Active Time
· UE specific or group common DCI format
· New DCI format or  enhancement of existing DCI format

Potential power saving techniques for further investigations in the design of the power saving signal signal/channel and the CORESET/search space configuration
· 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





PDCCH-based Power Saving Signal/Channel 
The PDCCH-based power saving signal/channel is used for triggering UE adaptation to the traffic to achieve UE power saving gain.  The design of the power saving signal/channel includes the DCI design for the PDCCH, number of DCI formats, target user(s) for triggering, the configuration of power saving signal/channel, and the performance aspects.  

UE-specific or group specific
The PDCCH-based power saving signal/channel could be UE-specific or group-common with consideration of power saving gain and the system overhead.  

· UE-specific DCI - vivo, Intel, MediaTek, Spreadtrum, APPLE, Qualcomm, CATT, Nokia, InterDigital, Motorola Mobility, Ericsson, Samsung, LGE
· Group-common DCI (e.g.,could trigger one or more UEs but not necessary all in the group) – Huawei, vivo, MediaTek, Qualcomm, OPPO, InterDigital, Motorola Mobility, Ericsson, Nokia,  Intel, Samsung, ZTE

Proposal
· The PDCCH-based power saving signal/channel is UE-specifically configured.   
· The DCI format(s) could contain information for triggering single UE only and/or a group of UEs (e.g., triggering one or more UEs within a group UEs but not necessary all)
· The DCI format(s) could be specified depending on the power saving techniques supported.  
R1-1905676	Summary of PDCCH-based Power Saving Signal/Channel	CATT
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 

PDCCH Contents of PDCCH-based Power Saving Signal/Channel
The contents of PDCCH-based power saving signal/channel includes the DCI design for the power saving signal/channel,  DCI formats, DCI size, the information field for the power saving scheme

Existing or new DCI
· Existing DCI (Scheduling DCI)  – Samsung, Huawei, APPLE, AsusTek
· New DCI – vivo, Intel, Samsung, MediaTek, Spreadtrum, APPLE, Qualcomm, CATT, Nokia, Motorola Mobility, Ericsson, Huawei

Proposal: 
The assumptions of the DCI design of the PDCCH-based power saving signal/channel
· The assumption of the DCI design is no increase of DCI format size budget.  
· This applies to UE at least in the active time.
· FFS: The assumption of DCI format size budget applies to the UE outside the active time
· Working assumption: The assumption of the DCI design is no increase of UE BD/CCE limit.  

Possible candidates of DCI format design for the PDCCH-based power saving signal/channel
· New DCI format(s) is supported for the PDCCH-based power saving signal/channel
· The size of new DCI format may or may not be the same size as the existing DCI size
· Details of the New DCI format are decided after the content of the DCI is finalized.

· Enhancement of existing DCI for the purpose of power saving signal/channel in triggering UE adaptation could be supported.  This includes the possible enhancement as examples
· Additional new field(s)
· Using the existing DCI format for the power saving purpose
· Re-purpose fields in the DCI
· The detection of existing DCI format as the indication for the power saving technique 

· Note: These could be specified depending on the power saving techniques supported.

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 


Number of DCI formats for the PDCCH-based power saving signal/channel
There are proposals of DCI formats for different power saving scheme.  Some proposals use one DCI format with different information fields to indicate the respective power saving scheme.  Some proposals would have different DCI formats for different power saving schemes.  
· One DCI format for all the power saving schemes – Huawei, vivo, Intel, MediaTek, CATT
· More than one DCI format –vivo, CMCC, Qualcomm

Proposal:
The DCI format(s) of the PDCCH-based power saving signal/channel is designed with the target of 
· Indication of one or more power saving techniques and associated operations.  
· FFS: Flexibility in configuration 

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


Postential DCI contents in DCI formats
Proposal: 
Potential DCI contents in DCI format(s)
· Candidate 1:   Power saving technique for the wakeup 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.
· Candidate 2: BWP /SCell
· BWP & SCell together – 
· BWP and SCell have separated fields – 
· Candidate 3:  PDCCH skipping (skipping duration)- 
· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time
· Candidate 4: PDCCH monitoring periodicity–
· Candidate 5: Indication of CORESET/search space/candidate of subsequent PDCCH decoding
· Candidate 6: Skipping number of DRX monitoring 
· Candidate 7: MIMO layer adaptation/number of Anenna adaptation 
· Candidate 8: Cross-slot scheduling
· Candidate 9: Triggering RS transmission
· Candidate 10: CSI report
· Candidate 11: SPS activation
· Candidate 12: DRX configuration 

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 


DCI size
· New DCI size  - up to 12 bits 
· Aligned with existing DCI (DCI 0_0 or 0_1)

Clarification
“Active time” is the time that UE is required monitoring scheduling PDCCH

Proposal 
· 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
· Alignment with existing DCI format size 
· The DCI format size of the power saving signal/channel counts as one DCI format size 
· Note: This will impact the UE-specific format only for scheduling DCI 
· Other aspects are not precluded

Proposl:
For the further design of DCI content, the number of information bits in the DCI content for`UE power saving is up to Y bits per UE (upper bound) and at least X bits in the overall payload (lower bound).   
· FFS:
· Up to N fields to indicate the power saving techniques for single cell and multi-cell operations
· The values of X, Y and N.
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Configuration of PDCCH-based Power Saving Signal/Channel
The configuration of PDCCH-based power saving signal/channel includes the CORESET/Search space, the aggregation levels, number of blind decoding, and periodicity.  The power saving signal/channel configuration depends on the power saving scheme triggered by the power saving signal/channel.   

CORESET/Search Space
· Dedicated CORESET – Huawei, LGE, Qualcomm, CATT, Nokia, Ericsson
· In multi-beam configuration – Qualcomm, CATT, DoCoMo
· Dedicated BWP - Qualcomm

· Existing CORESET – Huawei, Intel, DoCoMo

Proposal:   
The CORESET with configured search space(s) for the power saving signal/channel is supported.  
· New DCI
· Enhancement of existing DCI 

· FFS: 
· UE-specific or common search spaces
· Number of CORESETS
· Within and outside Active Time .  
· RNTI used for the decoding the power saving signal/channel
· The association of the CORESET of the power saving signal/channel and  the CORESET of the scheduling DCI.  


Aggregation Levels
· Same as Rel-15 (AL=1, 2, 4, 8, 16) –
· Reduced number of AL’s 
· One 
· More than one 

PDCCH Candidates 
· Same as that of PDCCH
· Reduce number of candidates 

Proposal: 
The number of ALs for the PDCCH-based power saving signal/channel is the subset of the ALs supported for scheduling DCI.  The number of PDCCH candidates for the DCI used for power saving techniques is reduced



 Configuration and Periodicity –
· Associated with the power saving scheme (e.g., DRX configuration, PDCCH skipping) – Huawei, vivo, Intel, Samsung, MediaTek, LGE, CMCC, SPECTRUM, APPLE, Qualcomm, ZTE, OPPO, Panasonic, CATT, InterDigital, Motorola Mobility, DoCoMo, Ericsson, Sony
· Associated with DRX before DRX ON 


Performance of PDCCH-based Power Saving Signal/Channel

Miss-detection performance
· WUS performance miss-detection target at 0.1% with false alarm at 1% - Huawei, Qualcomm, ZTE, CATT, Nokia Ericsson
· Go-to-sleep performance –
· Same as WUS - CATT
· Miss-detection target at 1% with false alarm at 0.1% -
· Using sequence based detection for few information bits – vivo, Samsung, MediaTek, Pannasonic
· Handling of miss detection of power saving signal/channel – Samsung, Qualcomm, InterDigital
· Acknowledgement through HARQ-ACK - Qualcomm

Operating point –
· 0 dB
· -2 dB - CATT
· -6 dB – Ericsson

Proposal:
The miss-detection performance of the PDCCH-based power saving signal/channel follows the performance target in TR38.840.   The DCI contents and the configuration of the PDCCH-based power saving signal/channel, such as CORESET/search space, AL, would use the target miss-detection performance as the reference.   
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