Page 1
3GPP TSG RAN WG1 #96bis	           	R1- 1905676
Xian, China, 8th – 12th April, 2019
[bookmark: _Hlk495298459]
Title:	Summary of PDCCH-based Power Saving Signal/Channel
Agenda item:	7.2.9.1
Source:	CATT
Document for:	Discussion
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.  

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.

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:
One new DCI format is introduced with the flexibility of dynamic indication of different power saving techniques.  

DCI size
· 12 bits – vivo, Intel, ZTE, CATT, NEC
· Aligned with existing DCI (DCI 0_0 or 0_1) – Huawei, Samsung, Nokia

Proposl:
The new DCI format for the PDCCH-based power saving signal/channel supports up to 12 bits.   

DCI contents
· One or more DCI in the PDCCH contents for triggering
· One DCI – Qualcomm, CATT
· More than one DCI – Huawei, vivo, Intel, Samsung

· Wakeup/Go-to-sleep–
· WUS only – Huawei, vivo,  Samsung, LGE, CMCC, Spreadtrum, APPLE, Qualcomm, Panasonic
· WUS and Go-to-sleep together – intel, CATT, DoCoMo
· WUS and Go-to-sleep separately –  InterDigital
· BWP /SCell
· BWP & SCell together – Intel, MediaTek, CMCC, Qualcomm, CATT
· BWP and SCell have separated fields – Samsung, Panasonic, OPPO

· PDCCH skipping (skipping duration)- Huawei, vivo, Intel, CMCC, APPLE, Qualcomm, Panasonic, CATT, InterDigital, Sony

· PDCCH monitoring periodicity– vivo, Samsung, MediaTek, Sony

· Indication of CORESET/search space/candidate of subsequent PDCCH decoding – vivo, Intel, Samsung, Qualcomm, Panasonic, Sony, InterDigital

· Skipping number of DRX monitoring – Huawei, CATT, InterDigital

· MIMO layer adaptation – LGE, CMCC
· Cross-slot scheduling – Huawei, Intel, LGE, CMCC
· RS trigger  - Intel, MediaTek, CMCC, Spreadtrum, Pansonic, OPPO
· CSI report– Intel, MediaTek, CMCC,
· SPS – Samsung
· DRX configuration – Sony

Proposal: 
The DCI contents of the PDCCH-based power saving signal/channel includes at least the wake up indication for the DRX operation for both single cell and multiple cells, the PDCCH skipping, and UE adaptation to the BWP/SCell operation.   It is FFS for the following fields
· Indication of CORESET/search space/candidate of subsequent PDCCH decoding 
· PDCCH monitoring periodicity
· Skipping number of DRX monitoring
· MIMO layer adaptation
· Cross-slot scheduling
· RS trigger 
· CSI report
· SPS
· DRX configuration 
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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 UE-specific CORESET/Search space is configured for the PDCCH-based power saving signal/channel.  The CORESET/search space could overlapped with the CORESET of the scheduling DCI.  

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

Proposal: 

PDCCH Candidates 
· Same as that of PDCCH - APPLE
· Reduce number of candidates – Qualcomm, ZTE, CATT, Sony
 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 

Proposal:
The periodicity/transmission of the PDCCH-based power saving signal/channel is configured along with the power saving techniques, such as the DRX cycle,  PDCCH-skipping

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 configuration of the PDCCH-based power saving signal/channel, such as CORESET/search space, AL, would use the miss-detection performance as the reference.   
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