[bookmark: _Hlk492190689][bookmark: _Hlk73431007]3GPP TSG-RAN2 Meeting #126	R2-2404998
[bookmark: _Hlk164938837]Fukuoka, Japan, 20 – 24 May 2024

	
Agenda Item:	8.4.4 Procedures for LP-WUS in RRC_CONNECTED
Source: 	Ericsson
Title:  	WUR in Connected
Document for:	Discussion and Decision
Introduction
WUR in connected mode is discussed further in this contribution.
[bookmark: _Toc242573354]Discussion
Observations
The study report [1] shows that the main power saving gains with LP-WUS are obtained in Idle and Inactive mode. In connected mode most of the power is consumed by transmitting (and receiving) data, i.e. LP-WUS is typically not going to make a dent there. 
In connected mode the MR cannot enter ultra-deep sleep because this requires 10-20 seconds sleep time to be beneficial. But the MR can enter deep sleep because the deep sleep transition time is relatively short (20 ms) and transition energy more limited (450) in that case. And further power saving gains can be obtained with WUR because the MR wakeup frequency is reduced and PDCCH monitoring by MR is avoided, when the LR performs paging monitoring and serving cell measurements:
[bookmark: _Toc166220491]The use of deep sleep and WUR improves the power consumption in RRC_connected.
However only for typical uses cases, when there is only a small amount of data send/received, significant power saving gains should be expected in connected mode. Therefore complex and novel solutions with large specification impact are not justified:
[bookmark: _Toc166220493]The connected mode solution is kept simple with limit specification impact. 
The LP-SS is not available in connected mode, i.e. it is not possible for the UE to detect if LP-WUS can be used based on LP-SS measurements as in Idle and Inactive. The WID [2] says that target coverage for LP-WUS shall be the coverage of PUSCH for MSG3. For OOK-based LP-WUS partial coverage should be expected, e.g. OOK-based LP-WUS cannot be used at the cell border. For OFDM-based LP-WUS full coverage is expected.
The UE in connected mode does not receive Paging PDSCH, but the UE is required to monitor Paging PDSCH, e.g. to receive ETWS/CMAS warning messages. 
Down selection of the solution
In connected mode there are periods where data is sent/received, i.e. traffic burst when the drx-InactivityTimer is running. And there are idle periods where the UE is either waiting for the next traffic burst to start or the UE is released:
[image: ]
During a traffic burst, there are power saving features like PDCCH skipping and BWP adaptation / SSSG switching that operate on a short time scale that can be used effectively to reduce the power consumption. However the use of LP-WUS during a traffic burst, when drx-InactivityTimer is running, does not provide any additional power saving gains: 
[bookmark: _Toc166220494]LP-WUS is not used when drx-InactivityTimer is running. 
LP-WUS can be used effectively during idle periods when there is no traffic to: 
· monitor Paging PDCCH 
· monitor if MR needs to monitor PDDCH in the coming OnDuration
As long as there is no traffic or paging, the MR can remain in deep sleep, and does not have to be activated to check if there is DL traffic during the OnDuration or Paging during the PO: 
[bookmark: _Toc166220495]LP-WUS is used to start drx-OnDurationTimer. 
It can be discussed later whether LP-WUS can be used with long DRX only, or also with short DRX.
The UE could monitor LP-WUS continuously during an Idle period, enabling the gNB to start the drx-OnDurationTimer at “any time”. And this would improve the latency of DL data received outside Active Time. However this can also be achieved by configuring a shorter Long DRX cycle or use Short DRX for very short latencies:
[bookmark: _Toc166220496]The UE monitors LP-WUS before a configured time offset before drx-OnDurationTimer. 
The proposed solution resembles DCP, but LR is used to monitor LP-WUS instead of using MR to monitor PDCCH format 2_6. The solution is simple and provides power saving gains when the UE typically has little data to send in connected. Furthermore choices for how to handle DCP (e.g. CSI reporting, LP-WUS monitoring, RAN1/RAN2 specification impact) can be re-used, which will limit the effort to develop the feature, and provide more time for LP-WUS in Idle/Inactive which is prioritized.
DCP and LP-WUS are two independent features that can be configured in the UE based on UE capability. In case the UE indicates to support both, it is up to the gNB to decide which one to configure. The gNB would of course not configure both, i.e. send two indications to wake-up the UE. 
There is no good justification to use DCP and LP-WUS in a 2-step approach, which would only increase the latency and additional cost/complexity to implement the feature: 
[bookmark: _Toc166220497]LP-WUS and DCP are independent features which are not configured and used simultaneously. 
Subgrouping
The OnDuration of UEs in connected mode typically do not overlap, or an attempt is made to minimize overlap. During the OnDuration the gNB may want to reach a specific UE, and when the start of the OnDurations coincide, then the LP-WUS can wake-up multiple UEs and cause false alarms. 
The number of “individual” LP-WUS occasions that can be configured in connected mode depends on:
· C-DRX cycle length
· Numerology, i.e. number of slot per C-DRX cycle
· LP-WUS duration (1 or more slots)
· LP-WUS bandwidth (up to 5 Mhz)
The number of required LP-WUS occasions depends on the number of UEs in connected mode, and penetration of the feature, i.e. whether the UE supports the feature. 
The current best guess is that with high penetration, low numerology and high number of users the UE cannot be configured with an individual LP-WUS occasion. Thus it may be beneficial to have subgroup information in LP-WUS to reduce false alarms, however this should be configurable dependent on demand:
[bookmark: _Toc166220498]If needed, subgroup information can be configured in LP-WUS. 
The use of bits or codepoints to convey subgroup information can be discussed further, i.e. the needs may be different compared to paging.
LP-WUS coverage
The OFDM-based WUR is expected to provide full coverage. Therefore OFDM-based LP-WUS can be configured in the UE via dedicated RRC configuration, and there is no need for activation/deactivation signalling:
[bookmark: _Toc166220499]The use of OFDM-based LP-WUS is based on dedicated RRC configuration. 
The OOK-based WUR is expected to provide 2-3 dB less coverage, i.e. no coverage at the cell border. Thus the UE shall not use LP-WUS at the cell border, i.e. the UE should probably long before it starts running out of coverage stop using LP-WUS though.
In Idle/Inactive the gNB does not know if the UE is outside LP-WUS coverage, but the UE monitors the Paging PDCCH directly in such case. This causes wasted LP-WUS transmissions.
In connected there can potentially be more wasted transmissions because LP-WUS is transmitted more frequently, i.e. higher probably of DL data compared to incoming Paging message. But it is complex and perhaps not feasible to ensure that any L1/L2 signalling can be that fast and reliable to ensure that at any point in time the UE and gNB are the synced whether LP-WUS is used or not. Furthermore this increases the signalling in the network, and there is a risk that DL throughput and delay are impacted: 
[bookmark: _Toc166220500]There is no L1/L2 signalling between UE and gNB to synchronize whether LP-WUS is used or not. 
In case LP-WUS coverage is provided in 80-90% of the cell, then typically the UE will remain in coverage LP-WUS most of the time. When stationary at the border not. But based on the UE measurement reporting the gNB can detect when the UE is in poor radio conditions for a long time, and consider to de-configure LP-WUS for such stationary UE:
[bookmark: _Toc166220492]The gNB can de-configure LP-WUS for a UE that is in poor radio conditions for a long time or decide to configure only OFDM-based LP-WUS to avoid useless LP-WUS transmissions.
This means that when OOK-based LP-WUS is configured in the UE an entry/exit condition needs to be configured in the UE, to ensure that the UE always remains reachable:
[bookmark: _Toc166220501]An entry/exit condition for LP-WUS based on MR measurements can be configured when LP-WUS is configured in the UE.
LP-WUS monitoring rules
Similar as with DCP for improved reliability and robustness:
[bookmark: _Toc166220502]The UE can be configured to start drx-OnDurationTimer when LP-WUS is not detected. 
There can be cases when the UE is not able to monitor LP-WUS occasions, because other activities need to be performed. In case the UE cannot monitor the LP-WUS occasion before the following OnDuration, then the UE should monitor PDCCH during the following OnDuration, independent whether LP-WUS was transmitted or not: 
[bookmark: _Toc166220503]When the UE is not able to monitor the LP-WUS MO then the UE starts the drx-OnDurationTimer. 
LP-WUS can be configured on multiple BWP, but the UE only monitors the LP-WUS on the active BWP: 
[bookmark: _Toc166220504]The UE only monitors LP-WUS on the active BWP. 
When LP-WUS is configured it is up to UE implementation to monitor LP-WUS or monitor PDCCH during the OnDuration directly. 
Configuration
The LP-WUS configuration (e.g. time offset, duration and minimum gap until start of drx-onDurationTimer) can be discussed further when there is progress in RAN1/RAN4.
Measurement reporting
The MR performs RRM/RLM/BFD/CSI measurements, which means that the MR has to wake-up to do:
· RLM measurements for RLF
· BFD measurements for BFR
· RRM neighbour cell measurements (intra- and inter-frequency neighbours)
· RRM serving cell measurements (e.g. L1-RSRP)
When the UE is in low mobility and/or good coverage, i.e. when the relaxation criterion in section 5.7.13 in 38.331 is fulfilled, then the UE may relax RLM/BFD measurements as specified in 38.133.
The UE reports via UAI signalling when the RRM relaxation criterion is fulfilled (see section 5.7.4.4 in 38.331). This reporting enables the gNB to reconfigure the RRM measurements in the UE for improved power savings: 
[bookmark: _Toc166220505]No new RLM/BFD/RRM measurement relaxation in connected mode is introduced.
Similar as with DCP it should be possible to configure the UE to report CSI when the drx-OnDurationTimer is not start started because LP-WUS is not detected:
[bookmark: _Toc166220506]The UE can be configured to transmit periodic L1-RSRP or other CSI reports during the OnDuration when LP-WUS is not detected.
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss LP-WUS in connected: 
Observation 1	The use of deep sleep and WUR improves the power consumption in connected.
Observation 2	The gNB can de-configure LP-WUS for a UE that is in poor radio conditions for a long time or decide to configure only OFDM-based LP-WUS to avoid useless LP-WUS transmissions.

Proposal 1	The connected mode solution is kept simple and specification impact is limited.
Proposal 2	LP-WUS is not used when drx-InactivityTimer is running.
Proposal 3	LP-WUS is used to start drx-OnDurationTimer.
Proposal 4	The UE monitors LP-WUS before a configured time offset before drx-OnDurationTimer.
Proposal 5	LP-WUS and DCP are independent features which are not configured and used simultaneously.
Proposal 6	If needed, subgroup info can be configured in LP-WUS.
Proposal 7	The use of OFDM-based LP-WUS is based on dedicated RRC configuration.
Proposal 8	There is no L1/L2 signalling between UE and gNB to synchronize whether LP-WUS is used or not.
Proposal 9	An entry/exit condition for LP-WUS based on MR measurements can be configured when LP-WUS is configured in the UE.
Proposal 10	The UE can be configured to start drx-OnDurationTimer when LP-WUS is not detected.
Proposal 11	When the UE is not able to monitor the LP-WUS MO then the UE starts the drx-OnDurationTimer.
Proposal 12	The UE only monitors LP-WUS on the active BWP.
Proposal 13	No new RLM/BFD/RRM measurement relaxation in connected mode is introduced.
Proposal 14	The UE can be configured to transmit periodic L1-RSRP or other CSI reports during the OnDuration when LP-WUS is not detected.
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Annex: WID, RAN1 and RAN2 agreements
WID
Motivation
In RRC CONNECTED mode, it’s observed that moderate UE power saving gain (up to more than 10%) is obtained with marginal impact to capacity by using LP-WUS/WUR to trigger UE MR PDCCH monitoring compared with existing UE power saving techniques, across different types of XR traffic and system load scenarios. It’s also observed that significant UE power saving gain (up to more than 60%) and moderate UPT improvement (up to more than 10%) is obtained for FTP and IM traffic, when the UE MR enters deep sleep state during LR LP-WUS monitoring. 
Objectives
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.

RAN1 agreements
R1-2401862	FL summary #3 on LP-WUS operation in CONNECTED mode	Moderator (NTT DOCOMO)

Agreement
· For RRC CONNECTED mode, from RAN1 perspective, further study following LP-WUS procedures to trigger PDCCH monitoring:
· Case 1: PDCCH monitoring is triggered by LP-WUS with C-DRX configuration
· Option 1-1: LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer.
· This option may replace DCP functionality
· Option 1-2: LP-WUS monitoring outside C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-3: LP-WUS monitoring inside C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· Case 2: PDCCH monitoring is triggered by LP-WUS without C-DRX configuration. LP-WUS can be monitored at any time according to the LP-WUS monitoring configuration
· FFS duty-cycled and/or continuous LP-WUS monitoring
· Combination of options in Case 1 and combination of options in Case 1 and Case 2 are not precluded.
Agreement
For RRC CONNECTED mode, maximum number of LP-WUS information bits is up to X bits 
· FFS value X, which is no more than [8 or 16]
Agreement
For RRC CONNECTED mode, minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is introduced considering at least following
· LP-WUS processing time
· MR transition time for ramp up
· Time/frequency synchronization of MR
· FFS whether UE can report supported minimum time gap from candidate values
FFS: Whether the minimum time gap values can be more than one
Agreement
For RRC CONNECTED mode, from RAN1 perspective, 
· PDCCH monitoring triggered by LP-WUS is enabled/disabled by gNB RRC signaling
· FFS whether to support UE assistance.
· LP-WUS monitoring by UE is known to gNB.
· FFS whether implicit/explicit indication from UE is necessary
· In case LP-WUS monitoring is enabled, following options are further studied
· Option 1: No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring
· Option 2: Activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling with or without UE assistance.
· Option 3: Activation/deactivation of LP-WUS monitoring based on condition(s), such as timer.
· Option 4: Activation/deactivation of LP-WUS monitoring based on implicit indication/condition, e.g. UL transmission.

R1-2403714	FL summary#4 on LP-WUS operation in CONNECTED mode	Moderator (NTT DOCOMO)

Agreement
Update the following agreement in RAN1#116 in red:
Agreement
· For RRC CONNECTED mode, from RAN1 perspective, further study following LP-WUS procedures to trigger PDCCH monitoring:
· Case 1: PDCCH monitoring is triggered by LP-WUS with C-DRX configuration
· Option 1-1: LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer.
· This option may replace DCP functionality
· Option 1-2: LP-WUS monitoring outside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-2-1: PDCCH monitoring may be additionally triggered based on legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS
· If this is adopted, it should be configured together with Option 1-1 to achieve power saving gain compared to legacy C-DRX
· Option 1-2-2: PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS
· Option 1-3: LP-WUS monitoring inside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· Case 2: PDCCH monitoring is triggered by LP-WUS without C-DRX configuration. LP-WUS can be monitored at any time according to the LP-WUS monitoring configuration
· FFS duty-cycled and/or continuous LP-WUS monitoring
· Combination of options in Case 1 and combination of options in Case 1 and Case 2 are not precluded should be considered.
· RAN1 does not discuss C-DRX related timers other than drx-onDurationTimer, this topic is up to RAN2
· Note: Above does not preclude to support fallback mechanism to trigger PDCCH monitoring, if any
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