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Introduction
RAN2 reached the following agreements for WUS in connected mode during RAN2#107:
Agreements:
1. The PDCCH-WUS triggers a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence of the drx-onDurationTimer. 
2. The PDCCH-WUS is considered jointly with DRX i.e. it is only configured when DRX is configured.
3. The PDCCH-WUS is monitored at occasions located at a configured offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
4. On a PDCCH-WUS occasion that a UE is monitoring, if the UE is indicated to wake-up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer, the UE starts the drx-onDurationTimer at its next occasion. Otherwise it does not.
5. From RAN2 point of view the UE does not monitor WUS during active time.
6. If UE is in DRX Active Time during a PDCCH-WUS occasion, it starts the drx-onDurationTimer at its next occasion as in legacy.
7. The WUS is configured on the PCell with CA and SpCell with DC (i.e. PCell on MCG and PSCell on SCG) 
8. RLM and RRM measurements are not impacted by WUS design (i.e. the UE continues to measure the required reference signals as per RRM requirements)
In this contribution any open issues and further stage 3 details are discussed with WUS in connected mode. 
[bookmark: _Toc242573354]Discussion
WUS terminology
The Wake-Up Signal (WUS) is realized using DCI of the PDCCH with a new PS-RNTI, i.e. no new layer 1 signal nor channel is introduced. It is proposed to reflect that in the name: 
Proposal 1: Use PDCCH-WUI (Wake-Up Indication) to refer to DCI signalling via PDCCH to wake-up UE monitoring PS-RNTI.  
WUI mis-detection
It is not clear if a something new is needed to handle WUI mis-detection, i.e. in case WUI fails when normal PDCCH would also fail, nothing new would be needed. It is noted that there already the dataInactivityTimer which can be used to recover from RRC state mismatch when there has been no data activity for a long time via TAU: 
Observation 1: dataInactivityTimer can be used to recover from WUI mis-detection.
In case a new mechanism is deemed necessary, we would like to avoid to impose a fixed overhead, e.g. require the UE to monitor every x-th WUI occasion, even when the quality of the link is good. In our view it would be more efficient, if the UE applies the overhead only when the link is bad, and WUI could be expected to fail: 
Proposal 2: RAN2 to consider a conditional WUI mis-detection approach e.g. when the serving cell RSRP is below a certain threshold the UE wakes-up every WUI occasion. 
WUI with Short/Long DRX
RAN2 did not make explicit agreements whether WUI can be used with both Short and Long DRX. Some companies argued that with Short DRX there is likely to be traffic, i.e. UE should wake-up anyways. In our view this may very well depend on the traffic scenarios, and DRX configuration. It should also be noted that when WUI is configured, the UE may decide to ignore the WUI and wake-up during the next OnDuration. 
Observation 1: It is up to UE implementation to ignore the WUI when configured, and wake-up during the next OnDuration
In our view it would be beneficial to support WUI with both Short and Long DRX, and enable to configure them separately: 
Proposal 3: WUI can be configured with Short and/or Long DRX separately. 
WUI and CSI measurements (SRS)
RAN2 agreed that RRM and RLM measurements are not affected when WUI is configured. The UE can be configured with CSI reporting, i.e. L1-RSRP reporting, to enable WUI performance monitoring in the NW: 
Proposal 4: WUI configuration does not impact L1-RSRP reporting which is part of RLM (details to be discussed further in RAN1)
WUI and BWP
The UE shall monitor WUI when it is configured on the active BWP:
Proposal 5: The UE shall monitor WUI when configured on the active BWP.
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[bookmark: _Toc242573361]RAN2 is kindly asked to discuss the RAN2 impact of WUS in connected mode: 
Proposal 1: Use PDCCH-WUI (Wake-Up Indication) to refer to DCI signalling via PDCCH to wake-up UE monitoring PS-RNTI. 
Proposal 2: RAN2 to consider a conditional WUI mis-detection approach e.g. when the serving cell RSRP is below a certain threshold the UE wakes-up every WUI occasion. 
Proposal 3: WUI can be configured with Short and/or Long DRX. 
Proposal 4: WUI configuration does not impact L1-RSRP reporting which is part of RLM (details to be discussed further in RAN1)
[bookmark: _GoBack]Proposal 5: The UE shall monitor WUI when configured on the active BWP.
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NOTEs (to be removed)
RAN2 agenda:
· 6.11.2 PDCCH-based power saving signals/channel Additional stage-3 RAN2 aspects
· NOTE:  3. As per plenary guidance (RP-192289), RAN2 is not expected to discuss any aspects related to whether additional UE behavior is needed when UE is also configured for receiving PDCCH based power saving signal/channel outside active time.  No contributions on this topic should be submitted under power savings.    

PS WID:
1) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 
a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]

NOTE: Any change of PDCCH channel coding and payload interleaver is not in the scope
b) Specify the procedure of cross-slot scheduling power saving techniques  [RAN1, RAN4]
NOTE: The procedure is in addition to Rel-15 cross-slot scheduling procedure

SR:
Agreements made in RAN1#98 meeting (Prague, 26th – 30th  August 2019):
Working assumption:
· More than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON
Agreements:
· The new DCI format for power saving signal/channel is configured to be monitored at least in CSS.  
· FFS for UESS
Agreements:
· The CRC of new DCI format for power saving signal/channel is scrambled by PS-RNTI outside active time
Agreements:
· The maximum number of CORESETs for PDCCH-based power saving signal/channel outside Active Time is no larger than the max number that can be configured inside Active Time. 
Working assumption:
· The CORESET for power saving signal/channel outside Active Time can be associated with (in addition to search space set for power saving signal/channel) other search space set(s).
Working assumption:
· UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.   
Agreements:
· Scheduling DCI format(s), 1-1 and/or 0-1 are enhanced to include the configurable additional field of 1-bit dynamic indication of cross-slot scheduling in the Active Time in Rel-16.  
Agreements:
· Power saving information using DCI formats 0_0/1_0 is not supported
Conclusion:
For next meeting, down select the following two alternatives: The configuration of the offset of the PDCCH-based power saving signal/channel  
· Alt1: Dedicated configuration with offset relative to the beginning of DRX ON
· Alt2: The Offset is based on search space configuration
· FFS: whether this applies to long DRX only or long/short DRX.
1.1.1. RAN1 Remaining Open issues
· New DCI format size and the content for the PDCCH-based power saving signal/channel
· CORESET configuration of PDCCH-based power saving signal/channel 
· Multi-beam configuration
· Monitoring occasions of the PDCCH-based power saving signal/channel including value and range of offset
· Search space of the PDCCH-based power saving signal/channel
· General procedure of PDCCH-based power saving signal/channel triggering UE adaptation to the power saving techniques
Agreements made in RAN2#107 meeting (Prague, 26th – 30th  August 2019):
Agreements:
· The PDCCH-WUS triggers a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence of the drx-onDurationTimer. 
· The PDCCH-WUS is considered jointly with DRX i.e. it is only configured when DRX is configured.
· The PDCCH-WUS is monitored at occasions located at a configured offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
· On a PDCCH-WUS occasion that a UE is monitoring, if the UE is indicated to wake-up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer, the UE starts the drx-onDurationTimer at its next occasion. Otherwise it does not.
· From RAN2 point of view the UE does not monitor WUS during active time
· If UE is in DRX Active Time during a PDCCH-WUS occasion, it starts the drx-onDurationTimer at its next occasion as in legacy.
· The WUS is configured on the PCell with CA and SpCell with DC (i.e. PCell on MCG and PSCell on SCG) 
· RLM and RRM measurements are not impacted by WUS design (i.e. the UE continues to measure the required reference signals as per RRM requirements)
2.2.2	RAN2 Remaining Open issues 
· Detail procedures of PDCCH based  power saving signal/channel triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-WUS for the next occurrence of the drx-onDurationTimer,
· UE behavior when the PDCCH based power saving signal/channel collides with any event part of legacy Active Time 
· Handling of miss-detection

38.300:
PS-RNTI	Power Saving RNTI
In addition to scheduling, PDCCH can be used to for
-	Indicating the UE(s) to monitor the PDCCH during the next occurrence of the DRX on-duration;
For Power Saving purpose during DRX, the following identity is used:
-	PS-RNTI: UE identification for indicating a UE to to monitor PDCCH on the next occurrence of the connected mode DRX on-duration.
[bookmark: _Toc12623310]11	UE Power Saving
The PDCCH monitoring activity of the UE in RRC connected mode is governed by DRX, BA, and PDCCH-based power saving signal/channel.
In addition, the UE may be indicated, when configured accordingly, to monitor the PDCCH during the next occurrence of the on-duration by a PDCCH-based power saving signal/channel addressed to PS-RNTI on the active BWP outside active-time.
Editor’s note: The terminology “PDCCH-based power saving signal/channel” is used until the final design is completed in RAN1
Editor’s note: Restricting the monitoring of the PDCCH-based power saving signal/channel on the active BWP is a working assumption in RAN1 and needs to be confirmed/infirmed.
A UE can only be configured to monitor such PDCCH-based power saving signal/channel when connected mode DRX is configured, and at occasion(s) at a configured offset before the on-duration. More than one monitoring occasion can be configured before the on-duration. The UE does not monitor the PDCCH-based power saving signal/channel on occasions occurring during active-time, in which case it monitors the PDCCH during the next on-duration.
Editor’s note: Supporting more than one PDCCH-based power saving signal/channel occasion per on-duration is a working assumption in RAN1 and needs to be confirmed/infirmed.
When CA is configured, the PDCCH-based power saving signal/channel is only configured on the PCell. One PDCCH-based power saving signal/channel can be configured to control PDCCH monitoring during on-duration for one or more UEs.Power saving in RRC_IDLE and RRC_INACTIVE can also be achieved by UE relaxing neighbour cells RRM measurements when it meets the criteria determining it is in low mobility and not at cell edge.

RAN2#107:
R2-1908888, Power Saving Signal Procedure and Configuration, CATT, DISC
Proposal 1: In further discussions and specification writing, use “PDCCH-WUS” in place of “PDCCH-based power saving signal/channel scheme for wake-up purpose”.
-	Oppo doesn’t think we need to capture the name in the MAC specification.  
Proposal 2: The PDCCH-WUS triggers a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer.
-	Nokia thinks that we should have a one-to-one mapping.  Ericsson also agrees and we can start with one-to-one and then can maybe FFS after. 
-	Qualcomm thinks this is out of RAN2 scope discussion.  Intel thinks that it is out of scope of the WI. 
-	Xiaomi thinks we should allow the flexibility to configure it.  APT thinks we should clarify what reception is.  
-	LG thinks that one-to-many is more risky if we miss the WUS.  
=>	Noted
R2-1909983, RAN2 impact of WUS in connected mode, Ericsson, DISC
=>	Noted
R2-1911618, UE behavior on WUS occasion in DRX Active Time, Asia Pacific Telecom, DISC
=> Noted
Discussions on 9983 and 1186
Proposal: In case the UE enters DRX while the time until the next OnDuration is shorter than the time offset between WUS and OnDuration the UE shall monitor PDDCH during the following OnDuration.
Option 1: UE does not start the drx-onDurationTimer at the beginning of the subsequent DRX cycle if the UE does not monitor WUS on WUS occasion in DRX Active Time (i.e. new behaviour define by WUS).
Option 2: UE always starts the drx-onDurationTimer at the beginning of the subsequent DRX cycle if the UE does not monitor WUS on WUS occasion in DRX Active Time (i.e. legacy DRX)
-	Intel would like to confirm the RAN1 agreement, that according to RAN1 the UE is not required to monitor WUS during active time.  
-	Mediatek thinks that if there is data to send right away, it can send the data while the UE is monitoring.  Ericsson doesn’t want to change the legacy behaviour. 
-	Huawei is concerned that if the UE is not required to monitor the WUS the network can’t control the UE.  

Does the WUS impact RRM and RLM measurements?
-	Qualcomm thinks UE should measure those reference signals
If UE is in DRX Active Time during a PDCCH-WUS occasion, it starts the drx-onDurationTimer at its next occasion
-	Intel asks if we can make it a working assumption in case RAN1 does something that will require use to rethink.
If UE is in DRX Active Time
Starts the drx-onDuration  (12)
Does not start the drx-onDuration (3)

Debrief
· WUS in connected mode:
· Progress aligned with RAN1  and no major worries. RAN2 agreed that RLM/RRM measurements are not affected when WUS is configured. Handling of CSI measurements FFS. 
· Discussion:
· Companies agreed that UE is not required to monitor WUS during Active Time. There was an offline whether UE should monitor the OnDuration (or not), when the time between end of Active Time and start of next OnDuration is smaller than the time offset between WUS and next OnDuration. After voting agreement 6 was made, which we preferred. RAN2 agreed that WUS is only configured jointly with DRX, and that the WUS has a configurable time offset until next OnDuration. Furthermore RAN2 agreed that RLM and RRM measurements are not impacted by WUS. 
· Agreements:
· The PDCCH-WUS triggers a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence of the drx-onDurationTimer. 
· The PDCCH-WUS is considered jointly with DRX i.e. it is only configured when DRX is configured.
· The PDCCH-WUS is monitored at occasions located at a configured offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
· On a PDCCH-WUS occasion that a UE is monitoring, if the UE is indicated to wake-up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer, the UE starts the drx-onDurationTimer at its next occasion. Otherwise it does not.
· From RAN2 point of view the UE does not monitor WUS during active time.
· If UE is in DRX Active Time during a PDCCH-WUS occasion, it starts the drx-onDurationTimer at its next occasion as in legacy.
· The WUS is configured on the PCell with CA and SpCell with DC (i.e. PCell on MCG and PSCell on SCG) 
· RLM and RRM measurements are not impacted by WUS design (i.e. the UE continues to measure the required reference signals as per RRM requirements)
· Open issues:
· WUS and CSI measurements and reporting
· WUS and other DRX timers (e.g. drx-RetransmissionTimerDL/UL and drx-HARQ-RTT-TimerDL/UL) and other MAC timers (e.g. ra-ResponseWindow, ra-ContentionResolutionTimer, beamFailureRecoveryTimer, pending SR, ...)
· Treated:
· R2-1908888, Power Saving Signal Procedure and Configuration, CATT, DISC
· R2-1909983, RAN2 impact of WUS in connected mode, Ericsson, DISC
· R2-1911618, UE behavior on WUS occasion in DRX Active Time, Asia Pacific Telecom, DISC
· Not treated:
· R2-1911300, Discussion on upper-layer procedures for WUS, Qualcomm, DISC
· R2-1911291, Some issues on the WUS working with C-DRX, Xiaomi, DISC
· R2-1909558, RAN2 impacts of the wake-up signal, Intel, DISC
· R2-1910525, PDCCH Based Power Saving Signal/Channel, Nokia, DISC
· R2-1908775, Procedure of PDCCH-based wake up signalling, OPPO, DISC
· R2-1908889, DRX Cycle Impacts on WUS Position/Period, CATT, DISC
· R2-1909085, Wakeup signaling in DRX, Spreadtrum Communications, DISC
· R2-1909237, SI update notification and PWS notification in WUS, PANASONIC, DISC
· R2-1909531, PDCCH-based Power Saving Signal/Channel and DRX, vivo, DISC
· R2-1910085, Interaction between power saving signal and DRX, MediaTek, DISC
· R2-1910403, Consideration on the impact from introduction of WUS signal, ZTE, DISC
· R2-1910960, Collision of WUS and DRX Active time, InterDigital, DISC
· R2-1911000, Consideration on PDCCH-based power saving signals, LG, DISC
· R2-1911241, Discussion on the impact of WUS to the C-DRX, Huawei, DISC
· R2-1911242, Misdetection of PDCCH-based power saving signal, Huawei, DISC
· R2-1911243, WUS collision with DRX active time, Huawei, DISC
· R2-1911244, Discussion on WUS monitoring, Huawei, DISC
· R2-1911245, Enabling of power saving signal related scheme, Huawei, DISC
· R2-1911269, Discussion on the WUS linked to C-DRX Ondurations, Xiaomi, DISC
· R2-1911275, Simulations on WUS not applying to the DRX short cycles, Xiaomi, DISC
· R2-1911277, Simulations on WUS not applying to the DRX short cycles, Xiaomi, DISC
· R2-1911284, Considerations on UE power saving for BWP scenarios, Xiaomi, DISC
· R2-1911288, Discussion on WUS missing problems during BWP switching and handover, Xiaomi, DISC

Content:
· Perhaps there are multiple search spaces / coresets configured for the WUS, but from RAN2 perspective that is still one WUS occasion, i.e. the UE has to monitor all of them…
· Stage 3 details, i.e. TP in Annex?:
· Detail procedures of PDCCH based  power saving signal/channel triggering a MAC entity to "wake up" to monitor PDCCH at reception of the PDCCH-WUS for the next occurrence of the drx-onDurationTimer,
· WUS mis-detection
· Mechanisms to avoid and quickly recover from WUS misdetection should be specified e.g. adapting WUS monitoring based on fluctuating channel conditions, fallback search spaces/PDCCH On durations that are always monitored independent of WUS detection, etc.
· WUS for both Short and Long DRX
· Open issues on “UE behavior when the PDCCH based power saving signal/channel collides with any event part of legacy Active Time”?
· WUS terminology
· WUS presence vs info in WUS
· How is 1-to-1 mapping captured in stage 3? WUS monitoring outside AT, active BWP, on SPCell, PS-RNTI, wake-up when WUS is during AT, …
· WUS does not impact RRC/RLM, but shorten AT…
· WUS and CSI measurements and reporting
· WUS and other DRX timers (e.g. drx-RetransmissionTimerDL/UL and drx-HARQ-RTT-TimerDL/UL) and other MAC timers (e.g. ra-ResponseWindow, ra-ContentionResolutionTimer, beamFailureRecoveryTimer, pending SR, ...)
· R2-1909983, RAN2 impact of WUS in connected mode, Ericsson, DISC

Assumption 1: RAN2 assumes that RAN1 will provide details on the configurable offset between WUS occasion and following OnDuration in the RRC parameter list.
Observation 1: The use of WUS impacts the gNB scheduling flexibility.
Observation 2: The WUS occasions change when the UE changes between short and long DRX, but the timeoffset to the following OnDuration is fixed.
Proposal 1: When the UE does not detect WUS prior to the start of the OnDuration the UE is not required to monitor the PDCCH during the following OnDuration, otherwise the UE is required to monitor the PDCCH during the following OnDuration.
Proposal 2: RAN2 to discuss the need for recovery procedure from missed WUS detection.
Proposal 3: In case the UE enters DRX while the time until the next OnDuration is shorter than the time offset between WUS and OnDuration the UE shall monitor PDDCH during the following OnDuration.
Proposal 4: One or more UEs may monitor the same WUS occasion.
Proposal 5: Only when the UE detects the configured PS-RNTI in the WUS the UE is required to monitor the following OnDuration.
Proposal 6: The WUS configured on the PCell with CA and SpCell with DC (i.e. PCell on MCG and PSCell on SCG) determines the PDCCH monitoring behaviour on the corresponding SCells.
Proposal 7: WUS configuration info is included as a REL-16 extension to DRX-Config IE.
Proposal 8: The WUS only affects the PDCCH monitoring, i.e. there is no impact on UE measurements (e.g. SRS, CSI-RS, RRM measurements). 
Proposal 9: The UE ignores WUS received during Active Time.
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